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INTRODUCTION 


JOHN C. BUGHER, M.D., Washington, D. C. 


It has been a great pleasure for the Divi- 
sion of Biology and Medicine, United States 
Atomic Energy Commission, to organize 
the following panel discussion at the request 
of the Council on Industrial Health of the 
American Medical Association. With the 
Atomic Energy Act of 1954 marking the 
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beginning of a gradual transition in the 
atomic energy industry from an enterprise 
wholly controlled by the Government to 
one in which private industry will have a 
major role, there is a real need for an under- 
standing by the public of the associated health 
hazards. I think that this panel discussion 
has presented a comprehensive, if general, 
survey of the many complex aspects of this 
field. It will be apparent to the reader that, 
in spite of the considerable difficulties asso- 
ciated with the handling of large amounts 
of radioactive materials, such operations have 
been and will continue to be carried out with 
a high order of safety, thus making possible 
the successful peacetime use of fissionable 
materials and their by-products. 
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A of the Health 
in the Energy Sndustry fo lids 


JAMES H. STERNER, M.D., Rochester, N. Y. 


In this discussion, which can be considered 
an exercise in perspective, we will contrast 
the present state of knowledge as to the 
health problems in the atomic energy indus- 
try with that which existed at the birth of 
that industry, in 1942. When the health pro- 
gram of the Manhattan Engineering District 
was first conceived, it was recognized that ra- 
diation and radioactivity would be encoun- 
tered in amounts that required a new dimen- 
sion in our planning of protective measures. 

With the initial emphasis on radiation haz- 
ards, the first personnel consulted with re- 
spect to industrial health problems were the 
radiologists. As the help of the larger in- 
dustrial concerns was enlisted, personnel with 
experience in industrial medicine and in- 
dustrial hygiene joined with the radiologists 
and a handful of radiological physicists to 
extrapolate from the relative paucity of data, 
derived chiefly from laboratory and clinical 
sources, the needed industrial plant con- 
trols. The very magnitude of the protection 
required was often as staggering and confus- 
ing to this group responsible for health mat- 
ters as it was to the engineers who had to 
translate it into practical measures, many of 
which complicated an already extremely diffi- 
cult technology. The small group of indi- 
viduals who were responsible for establish- 
ing the criteria for permissible exposures 
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would be the first to recognize the large ele- 
ment which good fortune played in their 
selection of “safe” target levels. 


In 1942 the generally accepted “tolerance” 
level for whole body external radiation was 
100 mr (milliroentgens) per day. This value 
had been reduced by about one-half from 
that initially proposed in 1925 when it was 
predicated that 0.001 skin erythema dose 
would be a safe exposure. The further re- 
duction to the present maximum allowable 
exposure of 300 mr per week is based princi- 
pally on the accumulated animal studies 
which have been a part of the extensive re- 
search activity of the atomic energy pro- 
gram, rather than on any direct human evi- 
dence of injury from exposures to the levels 
initially accepted. While the magnitude (in 
terms of numbers of persons) of the exposure 
to radiation may justify this conservative 
trend, it must be recognized that there is 
already considerably more background infor- 
mation as to remote efiects from radiation 
than exists for many of the commonest in- 
dustrial toxins. Is there a danger of losing 
our perspective, at least with respect to a 
limited industrial population, in our concern 
with the greatly increased acuity of such 
criteria as just-noticeable genetic and life- 
span-shortening effects for radiation as con- 
trasted with the absence of such information 
for other common industrial physical and 
chemical hazards ? 

The information in 1942 as to the hazard 
from radioactive materials deposited within 
the body was limited to the unfortunate ex- 
periences with radium in the dial-painting 
operations and the less readily identified 
agent or agents responsible for the increased 
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incidence of lung cancer among European 
uranium miners. The wide spectrum of ra- 
dioactive substances, from natural uranium 
to the multiplicity of fission and artificially 
irradiated products, demanded answers 
which only an extensive research program 
could supply. Such basic questions as to ab- 
sorption, distribution, excretion, and deposi- 
tion must be answered for each element and 
then related to the character and energy of 
the radiation, and the radiation effect and 
chemical toxicity integrated in a concept of 
biological injury. The initial criteria for the 
more radioactive materials were based upon 
extrapolations from the limited evidence ob- 
tained in the dial-painting cases, where an 
assumption was made that O.ly of radium 
was the upper “safe” limit for a total body 
burden. A tremendous amount of work has 
been involved in the testing and improving of 
this earlier assumption and in the translating 
of this relation to the great number of radio- 
active materials for which we now have rea- 
sonably sound maximum allowable exposure 
values in terms of body burden and permis- 
sible levels in air and in water. A truly nota- 
ble achievement was the planning and design 
of an operating plant for the handling of large 
amounts of plutonium at a time when there 
was not even enough plutonium or time avail- 
able to satisfy a complete study of acute tox- 
icity, let alone the badly needed subacute and 
chronic studies. 

The protective measures for the handling 
and fabrication of many thousands of pounds 
of uranium had to be based on a “guestimate”’ 
with woefully inadequate information. By the 
time that there were substantial results from 
animal experimentation, whole plants were 
in Operation, with many thousands of per- 
sons exposed a year or more. That there 
have been no serious cases of intoxication 
from uranium after these 13 years of ex- 
perience must attest to the good fortune as 
well as the discerning judgment of the orig- 
inal estimate. 


ENERGY 


INDUSTRY 


Many health problems not directly related 
to radiation have been encountered in the 
atomic energy industry. One which resulted 
in tragedy before its import was recognized 
was the production and fabrication of beryl- 
lium. While this element is not unique to the 
atomic energy program, increased demands 
from this source raised production levels 
many times. The baffling relation of beryl- 
lium exposure and beryllium intoxication was 
finally recognized, and production facilities 
were designed, built, and operated safely 
under conditions almost as stringent as those 
required for hazardous radioactive materials. 
In the later years of the atomic energy pro- 
gram it has been increasingly possible to 
anticipate by competent animal experimenta- 
tion the hazards of new materials and new 
agents before exposing human subjects. 

In these 13 years a whole new discipline 
has evolved, with some hundreds of scien- 
tists now actively engaged in research and 
in radiation control in the industrial labo- 
ratories and plants. The phases of this disci- 
pline, variously termed “health physics,” 
“radiological physics,” and “radiation biol- 
ogy,” synthesize biology and radiation phys- 
ics and provide an important addition to the 
control of health hazards in an expanding 
industry. The overlapping with industrial 
hygiene is inevitable and the interchange of 
information and techniques indispensable. 
The extension of the gain to broader areas is 
relatively simple compared with the effort 
required to give it birth. 

Although a much longer time will be re- 
quired for a final test of the preventive meas- 
ures thus far applied in the atomic energy in- 
dustry, the experience gained in these years 
offers considerable promise that these con- 
trols are practical, reasonable, and effective. 
We can go forward with increasing confi- 
dence in expanding the peacetime uses of 
atomic energy if we continue to exercise the 
critical judgment, the common sense, and 
the healthy inquiry which have characterized 
the program since its birth, 13 years ago. 
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W. KENNETH DAVIS, M.S., Washington, D. C. 

The true nature of atomic energy as a large, 
diverse, and expanding industry is obscured 
by the secrecy which surrounds it and by 
the fact that it has been almost entirely gov- 
ernment-supported, even though the work 
has been carried out almost entirely by indus- 
trial companies. The Atomic Energy Act of 
1954 has brought us into a new era, one in 
which industry is expected to take on an 
increasing measure of the support as well as 
the execution of nuclear power development. 
Industry must also assume its basic respon- 
sibilities for industrial and community safety 
and health in the atomic energy area. 


It is important to point out, however, that 
we are still some distance from achieving eco- 
nomically competitive nuclear power plants 
which will parallel conventional central sta- 
tion power for electricity or possibly steam 
for heating or process use. 

Before discussing specific types of power 
reactors, let us consider some general features 
of nuclear power plants. In contrast with a 
conventional power plant, where heat is 
generated by mixing the fuel—coal, oil, or 
gas—with air and burning it, a nuclear power 
plant’s heat is generated in the fuel mate- 
rial—U***, U***, or plutonium. In many 
reactors these materials are contained in 
solid fuel elements which can be in a variety 
of physical shapes, such as rods, plates, balls, 
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etc. A certain minimum amount of the 
nuclear fuel, called a “critical mass,” is re- 
quired for the neutron chain reaction to 
proceed. Control rods containing material 
which absorbs neutrons are used to start 
up, control, and shut down the reactor and 
also to compensate for the burning out of 
some of the nuclear fuel. As the fuel is 
burned, fission products which are highly 
radioactive are left in the fuel element in 
place of the nuclear fuel. In addition, all 
the material in the reactor or passing through 
it is rendered radioactive to a greater or 
less degree by the neutrons in the reactor. 


The heat generated in the fuel element 
is removed by a stream of coolant passing 
by the fuel element. The fuel element is 
usually clad with some material to prevent 
corrosion and the escape of fission products 
into the coolant. The heated coolant then 
passes to a heat exchanger, where it loses 
its heat by boiling water before being pumped 
back through the reactor. The heat exchanger 
replaces the boiler in the conventional power 
plant. In some cases two coolant loops are 
used, in series, to make sure that any radio- 
activity in the first loop does not go through 
the boiler, where it might leak into the steam 
generated. 


In addition to a coolant, most reactors 
also contain what is called a moderator— 
a substance used to slow down the neutrons 
formed in fission. The neutrons emitted in 
fission travel at very high velocities and are 
difficult to capture in the fuel material. By 
providing a quantity of one of the lighter 
elements, such as carbon, beryllium, or hy- 
drogen, the neutrons are slowed down by 
multiple collisions, through a process called 
moderating, and are easily captured by the 


INDUSTRIAL POWER REACTORS AND 
In the case of water-cooled 
reactors, the water, whether it be light water 
or heavy water, acts as both the coolant and 


the moderator. 


fuel material. 


Once the steam has been generated, the 
plant is essentially comparable to a conven- 
tional power plant. The steam expands 
through a turbine and is condensed in a 
water-cooled condenser. The condensed water 
is pumped back into the boilers. The turbine 
drives a generator on the same shaft, and 
the electricity produced is generally trans- 
formed to a higher voltage and distributed. 

The nuclear power plant also requires a 
few special auxiliaries, such as a plant for 
fabricating, cladding, and testing the required 
fuel elements. This work might be done at 
the power station, but for most types of 
reactors it would be done most economically 
at a special plant which would make fuel 
elements for many reactors. 

Periodically the irradiated fuel elements 
must be removed from the reactor and 
processed to recover the unused fuel material, 
to remove and concentrate the radioactive 
fission products, and to recover any by- 
product plutonium formed. Provision must 
also be made for the packaging and perma- 
nent disposal of the waste fission products. 
A portion of this chemical processing opera- 
tion might be carried out at the power plant, 
particularly if it were a large one with several 
nuclear power units, but it is more likely 
that this processing would better be carried 
out at a central processing facility. In any 
case, fairly large amounts of radioactive 
material must be shipped from the power 
plant to a disposal site, which is not likely 
to be anywhere near the reactor itself. 

The A. E. C. is building four reactor 
experiments which, it is hoped, will lead to 
the development of technology useful in 
building larger and more nearly economic 
reactors. 


The Argonne National Laboratory is 
building an experimental boiling water re- 
actor which uses solid fuel elements and 
permits the water to Loil as it passes the 
fuel elements. The steam formed then passes 


THEIR LOCATION 

directly to the turbogenerator. This is an 
extremely simple system. However, since the 
steam will be mildly radioactive and might 
become quite radioactive if a fuel element 
ruptures, it is necessary to have a leak-tight 
and shielded turbine and condenser. Either 
light or heavy water can be used in this 
reactor. Tests at the National Reactor Test- 
ing Station in Idaho have demonstrated that 
this type of reactor is quite stable. 


The Oak Ridge National Laboratory is 
developing the aqueous homogeneous reac- 
tor. In this reactor the fuel material is in 
the form of a salt dissolved in the water, 
which, in turn, acts as fuel, moderator, and 
coolant. The reaction is produced when the 
fuel solution flows through a “wide spot” 
in the pipe to provide the necessary critical 
mass. The fuel solution is not permitted to 
boil. It produces steam in passing through 
a boiler. This reactor is also extremely simple 
and in addition has no problem of fuel element 
fabrication. The chemical processing is also 
expected to be quite simple, since the fuel 
is already in solution. This type of reactor 
is inherently very safe, since any increase 
in temperature causes the solution to expand 
and the amount of fuel in the reactor to 
decrease, stopping the chain reaction. The 
principal difficulty with the aqueous homo- 
geneous reactor is the corrosion problem. 
It is also obvious that special care must be 
taken to make certain that none of the highly 
radioactive fuel solution leaks the 
reactor or associated equipment. 


from 


North American Aviation, Inc., is de- 
veloping a reactor which uses liquid sodium 
as the coolant. The fuel elements are loaded 
into tubes, and sodium is pumped past them. 
Since sodium is not a good moderator, the 
space between the tubes is filled with graphite. 
A double coolant system is used in this 
reactor to avoid the possibility of having 
radioactive sodium leak into the boiler and 
react with the steam. This type of reactor 
can operate at very high temperatures, re- 
sulting in good thermal efficiency even with 
two coolant loops in series. It might be 
mentioned that sodium gives a satisfactory 
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performance from many points of view 
(corrosion, for example) as long as it is 
kept away from water. 


The Argonne National Laboratory is 
engaged in the development of the fast 
breeder reactor. This reactor is also cooled 
with liquid sodium but differs from the 
sodium-graphite reactor discussed above in 
that it contains no moderator or any other 
extraneous materials in the core. The ob- 
jective of this reactor is to. produce more 
nuclear fuel than it burns, and this can be 
accomplished only if all unnecessary ma- 
terials are eliminated from the reactor and 
if the neutrons are captured in the fuel 
while they are still fast—despite the in- 
creased difficulty of doing this. This is not 
perpetual motion in any sense, however, 
since the breeding will continue only as long 
as there is U*** present. The principal diffi- 
culty with this type of reactor is that the 
size is very small, which makes it very 
difficult to get reasonable amounts of heat 
removed relative to the amount of fission- 
able material invested in the reactor. A 
double coolant loop is also used in this type 
of reactor for the same reason as it is used 
in the sodium-graphite reactor. 


In addition to these four reactor experi- 
ments, the A. E. C. is building the pres- 
surized water reactor in cooperation with 
the Duquesne Light Co. at Shippingport, 
Pa. This plant will produce at least 60,000 
kw. of useful power and should demonstrate 
many of the practical aspects of operating a 
full-scale nuclear power plant. This type 
of reactor uses solid fuel elements cooled 
with high-pressure water, which is not per- 
mitted to boil. The water also serves as the 
moderator. The high-pressure water, at 
about 2000 lb. per square inch pressure, goes 
to a steam boiler before being pumped back 
into the reactor. Steam is generated at 600 Ib. 
per square inch pressure for use in the 
turbogenerator. 


One other type of reactor deserving of 
mention, though not yet in the reactor ex- 
periment stage, is the liquid-metal-fueled 
430 


A. 


ARCHIVES 


OF 


INDUSTRIAL HEALTH 


reactor. It is being developed at the Brook- 
haven National Labcratory. The uranium 
fuel is dissolved in bismuth, which is cir- 
culated through the system just as the water 
solution is in the aqueous homogeneous 
reactor. Since bismuth is not a good modera- 
tor, graphite blocks are provided for this 
purpose. The bismuth goes directly to a 
steam boiler. This system is extremely 
simple, can operate at high temperatures and 
thermal efficiencies, and does not have the 
fuel element problem. It is also expected 
to be susceptible to simplified methods of 
chemical processing. While bismuth is not 
as good a coolant as sodium, it is satisfac- 
tory from the corrosion standpoint and does 
not react with water, as sodium does, which 
is a decided advantage. This type of reactor 
is inherently very stable and safe because of 
the very large thermal expansion of the 
liquid fuel upon heating. Therefore, if the 
temperature increases for any reason, the 
reactor shuts itself off. 


It should be kept in mind that the reactors 
now being built as experiments, while gener- 
ating perhaps as much as 15,000 kw., are in- 
tended as early pilot plants for full-scale reac- 
tors producing perhaps 200,000 to 300,000 
kw. per unit. It is felt that the reactors of this 
size will have the best chance of becoming 
economically feasible. Even the PWR type 
of reactor now being built at 60,000 kw. 
size would probably have to be coastructed 
in a size of 150,000 kw. to 200,000 kw. to 
have a chance of being economical. These 
are very large sizes for single power units, 
even in the heavily industrialized areas of this 
country. We hope to be able to develop 
reactors for smaller applications but are 
not far along that road yet. 


The important consideration in 
choosing a site for the power reactor is prob- 
ably the location with respect to the load. 
In some large and flexible networks there 
may be wide choice in locating a new power 
plant. In relatively small systems or for 
serving a single concentrated load area there 
is considerable incentive to get as close to 
the consuming area as feasible. The trans- 
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mission of even large blocks of power at high 
use factors may increase the cost of power 
10% to 20% for each 100 miles of trans- 
mission. 

A nuclear power plant requires cooling 
water to absorb the heat not converted into 
electricity, two-thirds to three-fourths of the 
total, in just the same amounts as a conven- 
tional power plant. If a generating capacity 
of 200,000 kw. is assumed, approximately 
200,000,000 gal. per day of cooling water 
is required. Even if cooling towers are used, 
about 10,000,000 gal. per day of fresh water 
is required. This consideration will mean 
that sites adjacent to rivers, lakes, and oceans 
will constitute preferred locations for nuclear 
power plants. 


Land is an important cost item even for 
conventional power plants, especially if they 
are to be located near large industrial areas. 
A conventional power plant of 200,000 kw. 
capacity might require 100 acres of land 
or more. Such land may cost from $2000 to 
$4000 per acre, or more, in some areas. 


Transportation is another important item. 
This is very important for conventional 
plants, where very large amounts of coal, 
oil, or gas must be delivered to the plant. 
It is still of importance, though less so, 
for a nuclear power plant where very large 
amounts of materials and large pieces of 
equipment are involved in the construction 
of the plant. In addition, there will be the 
necessity of shipping radioactive materials 
out of the plant inside heavy shielding. 


Power plants of any description require 
skilled workers both for their construction 
and for their operation. Nuclear power 
plants will probably require some specialized 
technicians and workers for their operation, 
in addition to the skilled labor. The plant 
must be near enough to a city or -esidential 
areas for workers to commute. 


The location of a nuclear power plant 
may be influenced to a considerable extent 
by its distance from such services as fuel 


element fabrication, 


chemical processing, 
recovery, and waste-disposal facilities. 


THEIR LOCATION 

If a nuclear power plant is considered 
to be hazardous to the extent that it must 
be at a considerable distance from a city 
or industrial area and if it must be on a 
very large site in order to prevent persons 
from getting near it, then the selection of 
a site is made more difficult and the cost of 
the plant will be increased very considerably. 
The delivered cost of the power will be still 
further increased by the transmission cost. 


Even if the only special requirement is 
for a larger site, the cost can be increased 
quite markedly, since cheaper land must 
then be found, which means going farther 
from the usual area. Transmission costs will 
also be increased. If the site selected is 
beyond reasonable commuting distance, the 
price will be still further increased by hous- 
ing costs, extra pay, and higher employee 
turnover. 


It seems quite clear that nuclear power 
cannot be made economical if the plants 
are considered to be so hazardous that un- 
usual location factors of the type discussed 
are imposed in nearly every situation. 


It must be recognized that nuclear reac- 
tors are potentially hazardous. This is mainly 
due to the large amount of radioactive fis- 
sion products which build up in reactors 
with continued operation. However, the fact 
that reactors are potentially hazardous does 
not mean that they need to be really haz- 
ardous or that we cannot learn to live with 
them in complete safety. 


Studies of different types of reactors and 
their behavior will undoubtedly demonstrate 
that some types of reactors are fundamentally 
much safer than others. These reactors will 
certainly be preferred for early use and 
populated locations. 


The A. E. C. carefully considers every 
proposed reactor to make sure that it is 
safe and does not present any public haz- 
ards. The A. E. C. is aided in this task by 
the Advisory Committee on Reactor Safe- 
guards, which examines in great detail all 
aspects of each new reactor and its opera- 
tion in every conceivable circumstance. The 
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Committee also obtains complete data on 
the proposed site, including meteorology, 
earthquake history, geology, hydrology, etc., 
and takes these factors into account. This 
ponderous operation is calculated to insure 
against any possibility of public hazard. In 
addition, a reactor, once it is built, is in- 
spected at intervals to determine whether 
it has behaved as predicted, whether the 
control systems and devices have been op- 
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erated regularly, and whether the operator 
efficiency is satisfactory. 

In conclusion, I should like to say that 
I believe that we are well on the road to 
economic nuclear power, even though actual 
realization may be 10 years off. | am equally 
confident that we will develop and build large 
nuclear reactors which will not present un- 
due health and safety hazards either in the 
plants themselves or to the public at large. 


Medicine 


ROY E. ALBERT, M.D., Washington, D.C. 


It was recognized at the inception of the 
atomic energy industry that there are only 
a relatively few ways in which a person might 
become exposed to radiation. High-energy 
neutrons and gamma rays can easily pass 
through the whole thickness of the body and 
consequently are capable of delivering a 
fairly uniform dose to all tissues simultane- 
ously. Neutrons arise from the fission reac- 
tion itself, and consequently exposures occur 
only around the nuclear reactor when it is 
operating. However, gamma rays originate 
in the products of the fission reaction as 
they undergo a complicated series of trans- 
mutations. Consequently, proximity to un- 


shielded fission products can create exposure 


conditions even when the reactor is not 
operative. In addition to the highly pene- 
trating gamma radiations, there are the 
poorly penetrating beta rays from fission 
products. When fission products contaminate 
the skin, the beta rays can produce severe 
skin burns. If the radioactive materials are 
ingested or inhaled, they irradiate the lung 
and intestine. The fission products contain 
a wide variety of elements in various chem- 
ical states. Each compound is metabolized 
independently ; for example, radioiodine is 
almost completely absorbed from the intestine 
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ower Facility 


and localized in the thyroid gland, whereas 
radiostrontium is absorbed from the intestine 
to a much less degree and concentrated in the 
bone. Therefore, the potential hazards for 
each of the internally deposited isotopes 
must be evaluated independently, and the 
establishment of maximum permissible levels 
of air and water contamination is based on 
the various factors of lung and _ intestinal 
absorption, organ localization, rates of ex- 
cretion and energy, and type of radiation. 

Long before the Manhattan Engineering 
District was organized, most of the harmful 
effects of radiation had been described. How- 
ever, these cases resulted from relatively 
large exposures. From an industrial medical 
point of view it was much more important 
to detect the harmful effects of radiation at 
much lower levels of exposure, 1. e., within 
the established maximum permissible levels. 
Consequently, during the early phases of the 
atomic energy industry there was an intensive 
effort to determine whether radiation dosage 
within the tolerance range could produce 
detectable medical effects. The most sensitive 
indicator of whole body irradiation by high- 
energy neutrons and gamma rays is a re- 
duction in the concentration of white blood 
cells. White blood cells were studied care- 
fully in radiation workers, and it was found 
that when exposures were kept within the 
tolerance range there were no detectable 
abnormalities. This is undoubtedly a fortunate 
circumstance, because it is desirable to have 
maximum permissible levels which do not 
produce any deleterious effects, however 
slight. As a result of these intensive medical 
studies, we now feel very confident that 
when exposures are kept within the maxi- 
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mum permissible level there will not be any 
acute medical problems. The medical pro- 
gram in a power reactor facility will not be 
substantially different from a standard in- 
dustrial medical program. However, persons 
who are going to have the responsibility for 
operating the reactor should be carefully 
screened for any physical or psychiatric 
disability which might produce sudden loss 
of consciousness, impair judgment, or in any 
way jeopardize their functional capacity. 
Although the reactors are designed to “fail 
safely,” it is still best not to have the com- 
plication of an unreliable operator. 


There will also be some policy matters 
peculiar to the nuclear reactor facility. There 
will be the question of the disposition of an 
employee, for example, who has a congenital 
or a senile cataract. To be sure, the exposure 
levels in the plant to neutrons will be within 
tolerance levels, but the question will have 
to be decided as to whether the company 
wishes to have the possible progression of 
this lesion ascribed to radiation exposure. 
The same sort of situation might exist, but 
very uncommonly, in persons whose white 
cell counts run excessively high or exces- 
sively low. 

The facilities in the industrial medical 
facility will also be standard, except for 
provision of a decontamination area for the 
rare case of accident involving contamination 
with fission products, with or without trau- 
matic injury. 


A, ARCHIVES 
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What are the specialized requirements for 
the industrial physician in the atomic power 
plant? In the early days of the atomic energy 
program, there was a great emphasis on 
potential health hazards from radiation and 
consequently a number of eminent radiolo- 
gists undertook the establishment of the 
medical programs in major production facili- 
ties. As the program developed, it became 
apparent that, in spite of the colossal amounts 
of radioactivity that were handled, so much 
effort was devoted to radiation protection 
that there were not going to be any medical 
radiation problems except for a rare accident. 


As these radiologists gradually dropped 
out of the program, their replacements some- 
times had to learn radiation physics as well 
as radiation biology and medicine as they 
went along, which is a fairly difficult thing 
because of the complexities of the subject. 
The understanding of these matters is spe- 
cially important if the physician in the facility 
is responsible for the over-all health program, 
including radiation physics and industrial 
hygiene. In recognition of this problem, the 
Atomic Energy Commission has sponsored 
an Industrial Medical Fellowship Program 
for the past several years. This course runs 
on a two-year basis and is expected to pro- 
vide a pool of physicians who have started 
on the way toward acquiring a sufficient 
background to participate in and supervise 
a health program which depends for its effi- 
ciency on a great deal of technical competence. 


of Radiological 
in the Operation of a 


FORREST WESTERN, Ph.D., Washington, D.C. 


It is worth while to compare the problems 
involved in radiation protection with other 
industrial hygiene problems more familiar 
to industry and to indicate some of the dif- 
ferences. The techniques of limiting radiation 
exposure are almost identical with those for 
other noxious or toxic materials. First, one 
engineers equipment and processes to permit 
as little escape of radioactive materials as 
practicable. Second, ventilating systems are 
designed to carry away from personnel such 
materials as may escape. In addition, areas 
occupied by personnel are monitored to as- 
sure that they do not contain excessive 
quantities of loose radioactive material; in 
particular, the air which is breathed by 
personnel is monitored for radioactivity with 
the use of appropriate instrumentation in 
order to ensure that concentrations of air- 
borne radioactive materials do not exceed 
the accepted maximum permissible concen- 
trations. It is worth while noting that the 
problems of controlling radioactive materials 
are somewhat simpler than those for a num- 
ber of other toxic substances, because all the 
radiactive materials deliver their effects on 
the body by essentially the same mechanism. 
One need only distinguish the distribution 
within the body and the physical character- 
istics of the particular radiation. In cases 
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of accidental exposure it is desirable to 
estimate, as with other nonradioactive toxic 
materials, the amount of the agent in ques- 
tion which has been deposited in the body. 
In a few cases techniques are now available 
for making such estimates, particlarly for 
radioactive iodine in the thyroid gland. It 
is also possible to estimate amounts of radio- 
active materials in the lungs and bone by 
external measurement, provided that they 
emit sufficiently energetic gamma radiation. 
However, the commoner procedure involves 
assays of isotopes in the urine and feces in 
a similar fashion to that for other toxic 
materials, such as lead or beryllium. It should 
be noted that these biological assays are 
well developed and interpretable for only a 
few radioactive isotopes, owing to the com- 
plexities in the excretion patterns, 

Another area in the field of radiation pro- 
tection is that of estimating and eliminating 
exposure of personnel from radiation origi- 
nating in sources outside the body. These 
methods are largely a matter of the design 
of instruments to determine one or more 
of the various types of radiation of concern, 
i. e., beta and gamma rays and neutrons of 
various energies. 

It is frequently easier to control or avoid 
radiation from external sources than it is 
to control or avoid loose radioactive materials. 
Perhaps the greatest factor contributing to 
the ease of protection against this type of 
hazard is the fact that one can equip an indi- 
vidual with appropriate instrumentation (film 
badges or pocket dosimeters) which will 
summate directly the radiation dosage re- 
ceived from external sources. 

In most of our operations it is a joint 
responsibility of the radiation protection and 
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operating groups to make careful assessments 
of the hazards incident to the various types 
of operations and to determine the necessary 
measures to avoid excessive exposure to 
radiation as a result of accidents. 

The functions of the Radiological Physics 
Organization are fairly simple. There is a 
portiou of the group which is concerned with 
monitoring and evaluating radiation hazards. 
In addition, they maintain adequate radio- 
logical records, which is essentially a book- 
keeping process, except that it is necessary 
to coordinate with other groups in order to 
evaluate unusual radiation conditions when 
the records show them up. 

A considerable effort is devoted to instru- 
mentation, which may or may not fall 
directly within a radiation protection group 
but in any event is a necessary supporting 
item. Likewise, there are various types of 
laboratory services supporting the work of 


the group, especially the radiochemical 
laboratory. 


Most of our large operations have a radio- 
logical engineering and consulting group 
which works to determine methods by which 
radiation hazards can be reduced. This group 
makes available to management in a liaison 
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capacity the special skills and knowledge in 
the field of radiological health protection. 

Most of the people in the field of radiation 
protection have had some fundamental train- 
ing in some related field, for example, 
engineering, physics, or chemistry. At the 
present time the Division of Biology and 
Medicine of the A. E. C. sponsors a radio- 
logical physics fellowship program which 
gives selected college graduates approxi- 
mately a year of training in the basic elements 
of radiation protection and related fields, 
together with about three months of practical 
experience in atomic energy operations. The 
Robert Taft Sanitary Engineering Center 
of the United States Public Health Service 
at Cincinnati operates a training program 
primarily for persons in the field of public 
health. The Oak Ridge Institute of Nuclear 
Studies operates a training school in the 
handling of radioisotopes. The training pro- 
gram includes some instruction in radiation 
protection. 

In addition to these formal training pro- 
grams, the Isotopes Division of the A. E. C. 
maintains an advisory field service which 
provides an extensive information and con- 
sulting service to users of radioisotopes. 


Kesponsibility O Health Argencies 


in Monitoring, 


DUNCAN A. HOLADAY, M.A., Salt Lake City 
and 
JAMES G. TERRILL Jr., C.E., M.B., Washington, D.C. 


Mr. Holaday: It has been shown that 
the organization of the industrial hygiene 
and radiological health program within the 
atomic energy industry fits into the general 
pattern of industry in this country; and, 
likewise, the participation of the various 
public health agencies in the industrial de- 
velopment of atomic energy will also follow 
the same pattern which has evolved in the 
course of dealing with other types of indus- 
trial problems and within industries in gen- 
eral. As you all know, the local and state 
public health agencies have the ultimate 
responsibility for the health of the people 
who are within their jurisdictions. They have 
had this responsibility for all other types of 
problems, and there is no reason to believe 
that this pattern will be deviated from as 
the atomic energy industry becomes more 
important in the United States. 


It would appear that the local agencies 
and state groups would expect that the in- 
dustries concerned would primarily take care 
of their own problems within the plant as 
is customarily done. The states should then 
be prepared to assist industry in handling 
problems which are beyond the scope of the 
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immediate facility, particularly if problems 
arise which require the services of an im- 
partial outside group. It is the states’ re- 
sponsibility to have available, either on their 
staff or by consultation, qualified personnel 
who are competent to be of real assistance 
when they are needed. With the growth of 
the atomic energy industry, the states will 
undoubtedly feel the necessity for formulat- 
ing some rather definite rules and practices 
for these industries to follow, just as they 
have done in the past. In addition, one of 
the most important roles of our public health 
agencies will be in the field of education— 
education of official personnel in order to 
assure completely qualified persons to handle 
any situation which may arise, as well as 
education of the persons ultimately respon- 
sible for the public health services, so that 
they will have sufficient acquaintance with 
the problems of nuclear radiation and 
potential hazards to evaluate information 
brought to them by their staff. They must 
have sufficient knowledge to cope with situa- 
tions as they arise, especially when they 
concern the general community welfare, 
without having to stop and wait for some 
outside consultant to appear on the scene. 
This is not to say that the public health 
personnel should necessarily become experts 
in the field of nuclear energy, but they should 
know at least as much about it as about 
the general problems in public health. In 
addition to sufficient technical training, the 
state and local personnel should understand 
when a situation is beyond their field of 
competence and know when to ask for con- 
sultation from the United States Public 
Health Service, Atomic Energy Commission, 
or other groups. 
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The Public Health Service is conducting 
a series of training courses, at various levels 
of competence, at its Occupational Health 
Laboratory in Cincinnati. These courses are 
doing a good job in spreading information 
on techniques of sampling, measurement, 
and evaluation of potential radiation hazards. 

Another important function of the local 
public health facilities will be education of the 
communities which have the atomic energy 
industries. With the introduction of nuclear 
power reactors into communities, there will 
be considerable misunderstanding and exag- 
geration of the potential hazards. The public 
health groups have been doing this type of 
educational work for many years, and it will 
be extremely important to avoid the com- 
munity anxiety and at times hysteria aroused 
by misinformation. 

Mr. Terrill: About two years ago, through 
close liaison with the A. E. C., the states, and 
Dr. Taylor, at the National Bureau of Stand- 
ards, we became aware of the fact that 
states were adopting regulations and that 
not all of them were well oriented with re- 
spect to the National Committee on Radia- 
tion Protection standards. I think it is gen- 
erally agreed by everyone concerned that 
any regulations that are adopted either by 
A. E. C. or by the Public Health Service 
or by the states should be fairly well co- 
ordinated so that the industry and the 
industrial physician and others have a rea- 
sonable chance of doing what is considered 
to be a proper job. 

This led to a meeting of the Surgeon 
General of the Public Health Service with 
Dr. Taylor and members of some of the 
professional societies. Later a Subcommittee 
on the Regulation of Radiation Exposure 
of the National Committee on Radiation 
Protection was established. 

This subcommittee has now produced two 
basic documents; one deals with legislation, 
and the other deals with regulation. I do 
not intend to go into the details of those 
documents at this time. I do want to empha- 
size some of the more important points (NBS 
Handbook 61). 
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The legislation is not intended to define 
any specific rules. Rather, it provides 
authorities and procedures which will enable 
states to have regulations and to have a 
competent small organization to administer 
them. 

The regulations which were subsequently 
drafted in an interim report form are in- 
tended to incorporate in regulatory phrase- 
ology the ideas and philosophy of the Na- 
tional Committee on Radiation Protection. 
I want to invite anyone here who is interested 
in this particular aspect of radiation protec- 
tion to ask for copies of these documents. 
Further, if you have any criticisms, Dr. 
Taylor or Dr. Western or I can see that 
they are given every consideration. 


The next item I wish to consider is the 
Water Pollution Control Act of 1948, which 
the Public Health Service is required to 
administer. 

Earlier in the discussion Mr. Davis men- 
tioned that it would be necessary in many 
cases to install nuclear reactors near the 
ocean and near rivers and lakes for some 
very practical reasons. In order to cope 
with both the law and the possibility of loca- 
tion of major radiation producers on water 
sources, we have maintained close liaison 
with both the Division of Biology and Medi- 
cine, A. E. C., and the Sanitary Engineering 
group in the Division of Reactor Develop- 
ment, A. E. C. 

Under the Water Pollution Control Act, 
we have to be concerned not only with radia- 
tion as a health hazard but also with radiation 
as it might affect other industries using 
water, for economic purposes. 


In many parts of this country our water 
supplies are becoming critical from the 
standpoint of initial use and also from the 
standpoint of reuse. So it is necessary to 
be certain that all the factors having an 
influence on water quality are available to 
government and industrial officials respon- 
sible for water quality. Accordingly, we 
have undertaken research to determine 
radioactive factors which influence the qual- 
ity of our drinking water supplies. This 


RESPONSIBILITY OF PUBLIC HEALTH 
research led to investigations to determine 
what our present water-treatment plants 
could hope to do if water became contam- 
inated with radioactive materials. 

Many detailed reports have been published 
on this work. I won’t attempt to recite those 
except to say that we now have a definite 
idea of what we can expect of several types 
of water-treatment processes and are rap- 
idly covering all the conventional processes. 

Public relations is another matter of im- 
portance to the industrial physician who is 
concerned with the total radiation program 
of his plant. For example, there is the ques- 
tion of possible misunderstanding relative to 
the origin of radiation that reaches the public 
domain in measurable amounts. 

A number of groups have come to us 
and have asked us to undertake background 
studies preparatory to the operation of 
plants. This can become quite critical as our 
military as well as our industrial programs 
move ahead. With sensitive instruments it 
is quite possible to detect some radiation 
almost anywhere and any time. Background 
measurements are necessary to put these 
things in their proper perspective. Other- 
wise, an industry may be accused of produc- 
ing hazards that are in no way connected 
with it. The detected radiation might easily 
be connected with natural or distant sources. 

Now, as I have said earlier, the Public 
Health Service is using the standards in 
the National Committee on Radiation Pro- 
tection handbooks as operational guides. 
This, however, does not mean that every 
drop of water or cubic foot of air or space 
must meet these standards. 

In some cases the operating criteria might 
have to be something quite a bit less rigid. 
Generally, in the case of water, for example, 
I think criteria can be established on the 
basis of use, fluctuation of water levels, 
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and other factors which will be less rigid 
from the viewpoint of industry without 
deviating from the fundamentals of the 
standards. 

It is anticipated that the key problem 
from the standpoint of the magnitude of 
radiation per se in the future will be associ- 
ated with power reactors, as contrasted 
presently with production reactors or the 
radioisotope program. 

Regardless of how the Atomic Energy 
Commission and its contractors handle this 
material, either at each plant site or through 
the concentration of these materials at a few 
sites, approximately the same amount of 
radiation will be involved for a given power 
level. 

In radiochemical processing, it is not ex- 
pected that the plants will release a large 
fraction of long-lived isotopes during the 
normal course of their radiochemical opera- 
tions. The Atomic Energy Commission has 
made an effort to arrive at suitable criteria 
with the several professional societies and 
the Public Health Service in anticipation of 
this need. It will be necessary for the states 
and the Public Health Service to establish 
methods and systems to see that the criteria 
are being met in a way that will not be 
detrimental to the public health or the 
industry. 

The quantities and concentrations of radio- 
active material that is left for ultimate dis- 
posal are also important. At the present 
time, to the best of my knowledge, most of 
this material is going into tanks and re- 
ceptacles of various designs. Whether that 
is the best or the most economical solution 
in the long run, I do not know. However, 
health officials have a responsibility to the 
industry to assist them in utilizing the normal 
methods of waste disposal to a reasonable 
degree. 
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JOHN C. ROBINSON, B.S., Washington, D. C. 


A nuclear reactor disaster would occur if 
a reactor got out of control and ruptured in 
a violent manner. After 11 years of operating 
various types of nuclear reactors in this 
country, we have not had this type of inci- 
dent. However, on Dec. 12, 1952, a low- 
power experiment was being carried out in 
Canada’s NRX experimental nuclear reactor, 
which had been operating for five years. 
Owing to a complex chain of events, a 
mechanical failure occurred in the shut-off 
rod system which led to a power surge. About 
10% of the uranium rods in the reactor had 
temporary connections made to them to 
permit a reduced flow of cooling water for 
experimental purposes, and the overheating 
due to the power surge caused the reduced 
flow of water to boil to the extent that some 
of the uranium and aluminum melted. Breaks 
occurred which permitted cooling water to 
flow into the basement beneath the pile. Thus, 
some uranium metal became exposed to the 
cooling water, and fission products were 
leached out into the water flooding the 
basement. 

At the time of the accident the cooling 
water flooded into the basement at the rate 
of 300 g. p. m., and the water at one stage 
rose to a level halfway up the instrument- 
panel board. 

It should be noted that air passes around 
the water sheath of the uranium rod, re- 
moving a small portion of the heat generated. 
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Fission products, which escaped into this 
air stream and were vented through a stack 
to the atmosphere, were negligible at the 
time of the accident, being mostly of a short 
life. 

While endeavoring to decrease the flooding 
below the reactor, the active water which 
had already collected in the basement was 
pumped to large storage tanks outside the 
main building, and these tanks became 
rapidly filled to capacity. A decision was 
made five days after the accident to pump 
this active water out to the disposal area 
where the soil was a mixture of sand and 
clay. A one and one-fourth mile of pipeline, 
with the necessary pumping facilities, was 
installed during the next five-day period in 
zero weather, and about 1,000,000 gal. of 
active water containing 10,000 c. of long- 
lived fission products was pumped through 
this pipeline to the disposal area. (For com- 
parison, some 1500 c. of radium has been 
produced in the world to date.) A check 
was kept on the activity in the water draining 
from the disposal area, and no detectable 
activity has been found, even in the creek 
draining the area to a small lake. 

It is impossible in the limited space avail- 
able to describe the multitude of problems 
which were faced during the eight-month 
period when the reactor was dismantled. 
These problems included the designing and 
fabrication of many special tools for use by 
remote control for cutting and removing the 
ruptured rods out of the reactor, as well 
as the removal of the stainless steel plumbing 
below the reactor, which were badly con- 
taminated, and the decontamination of 
thousands of square feet of concrete through- 
out the building. 

Although this incident, the severest one 
that has occurred, badly damaged the reactor, 
none of the personnel were injured by radia- 
tion, and there were no community health 
problems. 
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HERBERT M. PARKER, M.Sc., F.Inst.P. 
Richland, Wash. 


It is inconceivable that a nuclear reactor 
for power purposes will ever be built so 
that it can be operated in such a manner as 
to cause a violent eruption, with conse- 
quent release to the atmosphere of con- 
siderable amounts of fission products. Al- 
though everyone agrees that reactors will 
not be located in communities until the risk 
of a major disaster is negligible, it is of 
interest to examine the worst possible case 
just to establish how certainly we must know 
the potential risks which have to be over- 
come. The degree of disaster will depend 
on the following factors: the power level of 
the reactor ; the fraction of the active material 
that can escape in the event of disaster; the 
precise mechanism of escape of these offen- 
sive products ; the population density around 
the reactor, and the meteorological condi- 
tions, particularly at the time of the incident 
and in the few hours following. 

Calculations made on this basis are 
strictly “order of magnitude” and refer to 
the solid fuel element type of reactor where 
fission products will accumulate. We can 
perhaps say that nuclear power reactors will 
operate at power levels in the range of tens 
of thousands of kilowatts to millions of kilo- 
watts. For the purpose of discussion, let us 
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consider an arbitrary standard reactor, which 
will be 100,000 kw. of heat power and about 
25,000 to 30,000 kw. of available electrical 
power. 

The chief hazard, beyond any question, 
arises from the accumulation of fission 
products in the reactor, despite the fact 
that it will be loaded up with U ** and 
plutonium. It is helpful to make a comparison 
with the atomic bomb. A nominal bomb leaves 
a residue of about 10,000,000,000 curies 
of radioactivity one hour after its detonation. 
This little standard reactor will have approxi- 
mately 300,000,000 curies to 400,000,000 
curies at normal operation. In terms of avail- 
able radioactive content this reactor contains 
less than the nominal atomic bomb. But the 
hazard from the fission products is by no 
means the same, as will be described later. 

It is absolutely impossible for the reactor 
to explode in the fashion of a bomb. How- 
ever, a release of fission products by a 
conventional type of steam explosion would 
be a reasonable approximation if the “impos- 
sible” happened. We can only assume for our 
purposes that all the fission products are 
released from the reactor, although it will 
be recalled that before reactors will be 
operated there will be the knowledge that 
no such reaction will take place and, if it 
does, all the products will be retained in the 
immediate structure. 


Of importance in determining the charac- 
teristics of the contamination is the cloud 
height to which a release of fission products 
may go, and this is a function of the rate 
of release of energy. Mechanisms of disrup- 
tion can be visualized which would cause a 
very abrupt release of hot gaseous fission 
products that would rise to something of the 
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order of 4000 ft. as a mushroom cloud. The 
condensed fission products would then move 
downwind and spread out by diffusion and 
eventually come to the ground. 

In another situation, which by and large 
is the more probable, there would be a 
slower release of energy and heating up of 
the reactor structure leading to vaporization 
of the fission products. It is as though the 
whole unit had been set on fire, and the 
radioactive materials boil out and again 
descend downwind close to the ground, di- 
luting themselves by turbulent diffusion. 
Under conditions of ultrastability of the 
atmosphere (and this is the most dangerous 
condition), the materials come out and roll 
along without diluting in any way by vertical 
motion, and thus the radioactivity at a given 
distance from the reactor tends to be max- 
imized. 

As the radioactive cloud goes by close to 
the ground, persons in the area will be sub- 
jected to external radiation from the pene- 
trating gamma radiation and the shorter 
range beta rays, which just affect the skin. 
In addition, there will be direct beta radiation 
of the lung from inhaled fission products. 
The fission products can also be ingested 
and distributed to various organs in the body. 
As previously mentioned, the fission products 
from the reactor are more dangerous than 
from an atomic bomb, because they are 
longer-lived. For example, Sr ®, an impor- 
tant long-lived isotope, will accumulate to the 
extent of 3000 curies in about 10 days of op- 
eration of the reactor. In 500 days there 
would be about 150,000 curies accumulated. 
The longer the reactor operates, the more 
longer-lived and, generally speaking, the more 
dangerous isotopes build up. The whole 
composition of the radioactive isotopes in 
this case does not decay as rapidly as the 
products of the atomic bomb. In the atomic 
bomb the decay follows a JT? function. In 
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the case of the fission products from a reactor 
the function approximates 7~°*, where T 
is the time since release of the material. If 
these functions are carried out over a matter 
of days or weeks, one rapidly appreciates 
the relative gain in safety of the atomic 
bomb products. As the radioactive cloud 
passes by, radioactive particles will settle 
out, contaminating the ground, buildings, 
animals, and vegetation. There will be con- 
tamination exceeding 5 mc. per square foot 
over an area of 30 to 40 square miles. A 
contamination of greater than 2 me. per 
square foot will cover 100 to 200 square 
miles, with more than 0.5 mc. per square 
foot for something like 300 to 500 square 
miles. What do these numbers mean in terms 
of action? They mean that, for example, 
5 me/ft.2 stands for “must control” for five 
years. At the end of this time the radiation 
from the ground will just equal the con- 
ventional permissible maximum as read from 
the National Bureau of Standards Handbook 
59, “Permissible Dose from External Sources 
of Tonizing Radiation.” 

The most important defense measure, in 
the event of this type of disaster, is to evacu- 
ate the area in the path of the oncoming 
radioactive cloud. In the event of personnel 
contamination, the radioactive particles 
should be washed off the skin and clothing 
as soon as possible. Decontamination of 
buildings and equipment involves three meth- 
ods : removal of radioactive material from the 
surface by washing; removal of the surface 
itself, or application of a coating to seal in 
the dangerous fission products. Water sup- 
plies would have to be tested for radioactivity 
rather carefully, but rivers would be no prob- 
lem, since they would pick up one slug of 
activity which would be carried down and 
could be bypassed at any point of major use. 
Some basins might be troublesome where 
there is leaching of fission products into the 
water table. 
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ROBERT M. TAYLOR, M.D. 
Chalk River, Ont., Canado 


The disaster plan at Chalk River has been 
developed from our experience with two 
types of accidents. First, there was a chemi- 
cal explosion involving solutions containing 
fission products. Its effects were confined 
to a small part of the plant. Second, there 
was a release of thousands of curies of 
fission products following a power surge in 
the NRX reactor, which might have con- 
taminated the entire site. For a localized 
incident the stay-in procedure has been de- 
signed. For a major accident a general 
evacuation is ordered. The plant site has 
been divided into zones in which the head 
of the local branch is the commander. In 
these zones there is also a radiation hazard 
control supervisor in charge of a number 
of radiation surveyors and radiation moni- 
tors. All essential operating personnel are 
provided with respirators and protective 
clothing. Emergency stores of additional 
clothing and respirators are available. 

To take charge of the essential services 
in an emergency, there is a stand-by mainte- 
nance group made up of experienced instru- 
ment men, pipe fitters, electricians, and 
ventilation maintenance men. If the stay-in 
procedure is ordered, all personnel except 
those with previously specified responsibili- 
ties proceed to the nearest building. All 
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windows and doors in the buildings are 
closed, and, where possible, ventilation is 
shut off. It is obvious that under certain 
conditions to shut off the ventilation would 
create a hazard of its own. The zone com- 
mander is responsible for notifying the 
switchboard of an emergency and for col- 
lecting the initial information as to the extent 
of the damage. 

The fire truck, equipped with a public 
address system which can be used to control 
traffic and to organize necessary rescue 
operations, proceeds to the scene, as well 
as an ambulance. The head of the Radiation 
Hazard Control Branch remains in a central 
location and is ready to provide additional 
radiation supervisors and equipment. 

When the siren denoting the stay-in pro- 
cedure is blown, the main door to the plant 
hospital is locked, and the door leading to 
the decontamination center, attached to the 
hospital, is opened. Traffic control at the 
entrance is exercised by a radiation sur- 
veyor. The staff of the hospital don protective 
clothing and respirators, if necessary, and 
prepare to receive casualties. 

If the disaster is of such an order as to 
require a general evacuation, all except 
essential personnel are under instructions 
to close the buildings and walk quickly to 
the main exit, handkerchief over mouth 
and nose. The busses leave the main exit 
as soon as loaded and proceed to an assembly 
area about six miles from the main gate. 
At this point radiation monitors determine 
whether or not any of the staff have been 
contaminated to an important degree before 
permitting further dispersal. 

After one of the two procedures just 
described has been carried out, further action 
varies with the nature of the incident. 
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In our experience the main problems in 
the repair operations are concerned with 
man-roentgens instead of man-hours. After 
the major accident in December, 1952, which 
has been described by Mr. Robinson, it was 
necessary to prevent Overexposure to radia- 
tion of our most experienced operating per- 
sonnel. It was decided to restrict the dose 
of whole body radiation of any worker to 
the amount he would be permitted to have 
in one year. If the weekly dose is 0.3 rep, 
he might be permitted to have 15.6 rep in 
a year. During the entire period of restora- 
tion, ending in February, 1954, one worker 
received 16 rep in a few minutes while doing 
something he had been ordered not to do. 
No other worker received more than 10 rep. 
Two factors helped to make this possible. 
First, a considerable number of workers 
from American atomic energy projects, par- 
ticularly pipe fitters, provided highly skilled 
assistance in doing some of the work in high 
fields of activity. Without their help the 
program would have been much prolonged. 
Second, in the initial stages of clean-up much 
use was made of workers from the nonactive 
areas of the plant. They included administra- 
tion staff, security guards, and bus drivers, 
who were called down to do the work of 
removing gross activity from the pile base- 


ment, where the greatest hazard existed. 


Very soon after control of whole body 
irradiation was planned and initiated, it was 
recognized that considerable exposure to the 
ingestion or inhalation of mixed fission prod- 
ucts was possible, and our interest in the 
respirator program was intensified. We 
learned that it was not good enough to 
supply respirators to the personnel and to 
assume that without further control they 
would serve the purpose for which they 
were designed. We learned also that some 
types of respirators we had been using did 
not have efficient filters and that in others 
the filters were very easily damaged, and 
we found that it was important to ensure 
that the facepiece was well fitted. Performing 
hard work while wearing a respirator is 
uncomfortable. It is much more comfortable 
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if one slips a pencil under the facepiece or 
makes a small cut in the valve. So it was 
necessary to teach respirator discipline. The 
respirator program which was started at 
that time has been continued ever since. 
We carry out a regular inspection and 
maintenance of all respirators. It is surpris- 
ing how frequently leaks are found in valves 
and around eyepieces, and we know that 
any leak, however small, is important. 

The medical problems which have arisen 
in connection with major operational acci- 
dents at Chalk River, and which could be 
encountered at any reactor site, have been 
divided into three classes in order of occur- 
rence. The first and commonest is that the 
worker, although not grossly contaminated, 
has been exposed to such quantities of air- 
borne activity that an appreciable inhalation 
of mixed fission products results, as deter- 
mined by the excretion of radioelements 
in the urine. It was this problem which 
demonstrated the need for well-fitted, effi- 
cient respirators. The hazard has_ been 
controlled by setting low levels of urinary 
radioactivity as a criterion for removal of 
a worker from further exposure. The result 
has been that, although a small number of 
workers have absorbed a sufficient amount 
to give a detectable background of activity, 
none has retained a significant fraction of 
the recommended maximum permissible 
amount.* Routine sampling of the workers 
in all exposed areas is carried out at regular 
intervals and has proved to be the most sensi- 
tive test of working conditions. If the acci- 
dent involves large amounts of plutonium, 
we are prepared to use edathamil calcium- 
disodium intravenously. This has been found 
to be a useful complexing agent which assists 
in the removal of plutonium from the body. 
Unfortunately it is not effective in removing 
Sr® and therefore would not be useful in 
cases of gross contamination by mixed fission 
products. 


* When dealing with mixed fission products, all 
radioactivity recovered from the urine is considered 
to be 
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The second problem is the gross con- 
tamination of the body surface of the work- 
ers. After an accident which is well localized 
but which results in the adoption of the 
stay-in procedure, contaminated workers 
who are not otherwise injured can best be 
treated in change rooms in the active area. 
In these rooms soap and water are the only 
decontaminating agents available, but re- 
peated showering has usually been found 
to be effective. If normal decontamination 
procedures are not successful, the worker 
reports to the plant hospital. The decontam- 
ination center in the hospital is entered by 
a separate door. At the entrance preliminary 
monitoring can be carried out, and the 
worker is then taken to a shower room 
where contaminated clothing is discarded 
and where such decontaminating agents as 
edathamil or combinations of it with de- 
tergent are available. In the decontamination 
center there is a centrally located supply 
room, which can be entered by only one 
member of the staff, who remains there to 
hand the necessary medical supplies through 
windows to the staff in the center proper. 
By this means as well as by the division 
of the center into various areas by barriers, 
an attempt is made to control the spread of 
contamination, Following an accident which 
occurred before the center was available, 
the widespread contamination of the hospital 
led to the removal of four truckloads of 
contaminated material. Sometimes it has 
been found that hair is so heavily contam- 
inated it must be clipped. It is our feeling 


that after several scrubbings there is no 
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hazard to the worker if he is allowed to 
proceed home, even though considerable 
activity is still detectable. It usually means 
that the active material has been fixed to 
the skin surface and that during the next 
three to four days it will be shed with the 
superficial layers of the skin. 

The third type of problem, which has been 
the most troublesome but fortunately rare, 
is the combination of gross contamination 
with multiple lacerations or other injuries. 
These casualties have been admitted as 
stretcher cases, and use has been made of 
a table, similar to an autopsy table with 
raised edges, upon which the patient may 
be placed so that in conjunction with removal 
of the clothing the use of copious amounts 
of water helps to wash away gross activity. 
At the same time the necessary first aid may 
be given, depending upon the nature of the 
injuries. It may be noted that in such in- 
stances as have occurred a total of from 
three to nine hours has been required for 
the decontamination of each person. Some 
of this has been carried out under general 
anesthesia. 

When, as a result of the only major 
chemical explosion, one worker was killed 
by a penetrating wound to the back, the 
body surface was found to be heavily con- 
taminated. Before the body could be given 
to the undertaker, it was necessary to de- 
contaminate it. Because this was not done 
satisfactorily, it was subsequently necessary 
for a decontamination team to visit the 
undertaking establishment. 
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JAMES G. TERRILL Jr., C.E., M.B , Washington, D. C. 


I am going to deal mostly with the re- 
sources of the Public Health Service rather 
than with the role of the Public Health Serv- 
ice in reactor accidents. The title implies 
that we have done major staff work not only 
within the Service but with the Atomic 
Energy Commission and with the states in 
this general area, and, frankly, our efforts 
to date have been limited. 

The Public Health Service role or re- 
sources in this area are related directly to 
our role in any type of accident. Within the 
Public Health Service there is a unit in the 
Office of the Surgeon General that deals with 
health emergency planning operations in 
toto, including civil defense, national dis- 
asters, and presumably industrial disasters. 
As in any accident area the resources of the 
Public Health Service are related not to 
any special group but to the competencies 
that we have available to us through our 
normal operations. 

At the National Institutes of Health we 
have a group of personnel who are familiar 
with instrumentation, diagnosis, treatment, 
and other factors related to radiation ex- 
posure. 


Through the Bureau of Medical Services 
we maintain a group of hospitals that are 
treating coast guardsmen and other Public 
Health Service beneficiaries on a day-to-day 
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basis. Many types of medical care that would 
be necessary in any accident are thoroughly 
familiar to these hospital staffs. 

Within the Bureau of State Services we 
have the Occupational Health Program and 
the Radiological Health Program, with field 
stations and field activities at Cincinnati, 
at Salt Lake City, and at our regional offices. 
In addition, the Public Health Service has 
undertaken the organization of a unit at the 
Communicable Disease Center for all types 
of emergency operations. There are also a 
number of reserve officers consultants and 
grantees, through our research grants pro- 
grams, whom the Public Health Service can 
call upon for emergency services. 

Finally, but certainly not the least of these, 
are our indirect resources in the State Health 
Departments which we assist through train- 
ing and consultation. State resources are 
expected to be a major factor by the time 
power reactors become a real source of 
potential accidents in this country. 

What can the Public Health Service—and 
I think of the Public Health Service now 
not as an organizational unit but as part of 
the total health organization with the states— 
do to assist in the development of nuclear 
energy for commercial power sources? 
The health departments have considerable 
amounts of information which might be 
helpful in the selection of reactor sites. Keep- 
ing in mind that many of these reactors 
will be closer to the large centers of popula- 
tion than the Hanford operations, Oak 
Ridge, etc., the public may not be inclined 
to accept these installations as being justified 
by national defense. It is expected that 
nuclear reactors will be acceptable in many 
locations only if industry really gives people 


ROLE OF 
the facts and local public officials are given 
a chance to make an independent judgment. 
At the same time it would be foolhardy to 
ask to place a large reactor in the middle 
of Manhattan, at least at this time. It is 
important that we really study population 
groupings, population trends, and the long- 
range plans of the local community or region. 
It might be far safer to place a reactor 
within a few blocks of a relatively large 
group of people on one side of town pro- 
tected by major topographic factors than it 
would be to place it as much as a mile or 
two away on an unprotected side of town. 
Land use and mobility of the population are 
other factors which must be considered, as 
well as the matter of meteorological condi- 
tions. For example, newspapers give vivid 
accounts of the importance of meteorological 
data in Los Angeles, but this factor would 
require greater consideration there than at 
certain points along the Eastern Seaboard, 
where the prevailing winds are from the 
west toward the ocean. 


The same considerations apply to geologi- 
cal conditions when considering the disposal 
of emergency quantities of radioactive water. 
Pat rules relative to distance will have little 
value in a sound analysis of this particular 
problem. For example, if dumping occurs 
at the headwaters of a complex river system, 
like the Ohio, the water may have to be 
used and reused, since much of the Ohio 
River water flows through the water and 
sewer systems from Pittsburgh to New 
Orleans. At the present time this situation 
is much different from that of the Columbia 
River system. 


PUBLIC HEALTH SERVICE IN REACTOR 
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Dr. Taylor mentioned the need for a plan 
for emergencies, and I think that is very 
important. In North Carolina, at the State 
College, the Public Health Service is train- 
ing some people in the operation of a small 
reactor located on the campus, which, in 
turn, is close to the center of Raleigh, N. C. 
An emergency and normal operating plan 
has been developed, which I understand has 
been approved by the A. E. C. This plan is 
not the only one that could be adopted, but 
I think it is important to have one. If a 
hazardous accident should occur, it is much 
better to predetermine, at least in a general 
way, when one will ask the various groups 
to do certain things. It will lead to a more 
thorough understanding of the emergency 
problems and a better estimate of the best time 
to undertake the several emergency measures 
if they become necessary. 

With regard to decontamination, I think 
that one of the best things a group can do 
is to study thoroughly the areas that are 
most likely to become contaminated. Reason- 
able estimates of the areas involved will lead 
to a further reduction of the areas that 
absolutely require decontamination as mini- 
mum operating needs are considered. In 
many places prior planning of this type will 
serve a useful purpose, because it will enable 
important areas to continue in operation, 
even though we lack methods of decontam- 
inating large surfaces economically and non- 
destructively. If people experience a major 
radiation exposure without much prior plan- 
ning have been done, one can ask them 
to get under cover, to change their clothing 
and wash themselves thoroughly, and/or 
direct them to an uncontaminated place. 
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Industrial users of radioactive materials 
are now located in every single state of the 
Union and total 1200. Some 350 companies 
are using radioactive materials for radio- 
graphic inspection; 350 others are using 
radioisotope thickness gauges, etc. From the 
standpoint of the quantity involved, perhaps 
the most popular isotope used industrially 
is Co*’, This isotope has a five-year half-life, 
has a penetrating gamma radiation of 1.1 
and 1.3 mev, and is used for the radiographic 
inspection of weldings, castings, etc. Ir'®?, 
Se™, and Cs*** are also used for this pur- 
pose. Radiostrontium, Sr®, and C'™ 
are also widely used for radioisotope thick- 
ness gauges. Sb'** is used by several com- 
panies in process-control operations involving 
flow of oil in pipelines. 

Radiographic sources of Co usually in- 
volve amounts of 500 me. to about 1 c. These 
devices are used in the form of sealed sources. 
The radiation intensity from 1 c. of Co® is 
approximately 14 r per hour at a distance 
of 1 ft. This, of course, is much higher than 
the allowable 0.3 r per week ; hence an opera- 
tor must protect himself in some way. 
Suitable protection can be achieved simply 
by using distance. Actual tests have shown 
that one man can make some 20 to 30 
radiograms per day handling the Co at 
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a distance of 6 ft. without exceeding the 
allowable limit of 0.3 r per week. 

Thickness gauges utilize from 5 to 50 me. 
of Sr* in the form of sealed sources. The 
problem is to make a source that will be 
tight and yet have one face thin enough to 
let the beta particles through. These capsules 
can now be made leak-proof, but this was 
certainly not true, for example, five years 
ago. Federal specifications for sealed sources 
have been recently proposed by the A. FE. C., 
which specify the maximum amount of leak- 
age permissible from a given source. If one 
were to hold a radiation detection meter 
over the face of such a source, one would 
measure about 10 r/sec. at the surface. The 
radiation intensity from the rear of the 
source would be very much lower. These 
sources are enclosed in an assembly which 
comprises a proper protective shielding and 
a fail-safe mechanism. If the protective win- 
dow outside of the source is ruptured or 
punctured, or in the event of a power 
failure, a spring-loaded device pushes the 
radioactive capsule out of the way into a 
protective shield. In the “off” position the 
radiation intensity is approximately 2 mr/hr. 
Such devices must be labeled to comply with 
these proposed Federal regulations. 

From the industrial safety point of view, 
radioisotope thickness gauges either can be 
leased from a company, in which case the 
manufacturer of the gauge is responsible for 
upkeep, maintenance, and repair, ete., or 
can be sold directly. In the latter case the 
company must have adequate radiation safety 
facilities and a man who is directly respon- 
sible for performing tests at various intervals, 
including checking leakage and measuring 
the radiation intensity. 


HEALTH PROBLEMS IN 

Process-control operations involving the 
use of radioisotopes for transportation of 
oil in pipelines, for example, require only 
low millicurie quantities of radioactivity. 
Once the injection is made into the pipeline 
using appropriate shielding, the radiation 
hazard is negligible from that point on. On 
the other hand, industrial applications in- 
volving the sterilization of food by means 
of intense gamma radiation sources, such 
as mixed fission products or radiocobalt, 
require much larger quantities of radioactive 
materials and correspondingly higher radia- 
tion levels. For example, meat, potatoes, etc., 
may be subjected to as high as 1,000,000 r 
(or more) of radiation in a fairly short 
period of time, and from 500 to 5000 c. of 
activity is commonly used. The operators 
are shielded from the radiation by several 
feet of concrete or water during the time the 
material is being irradiated. 


Of the 1200 industrial installations using 
radioactive materials, approximately 40% 
are research installations working with radio- 
isotopes at the millicurie level. Ten states 
along the Eastern Seaboard, plus Illinois 
and California, account for 90% of all the 
industrial isotope users. Radioisotope thick- 
ness gauges are manufactured by two com- 
panies in Massachusetts and one each in 
New York and Ohio. It is interesting to 
note that these are also the states that have 
given considerable thought to radiation safety 
inspection, 

On the average, fewer than 100 persons 
per state are potentially exposed to sig- 
nificant quantities of atomic radiation from 
the industrial applications of Commission- 
distributed radioactive materials. On this 
basis, the establishment of full-fledged, full- 
time radiation control and inspection units 
by states is really a marginal question at this 
time, compared, for example, with the in- 
spection of food handlers, punch-press opera- 
tors, chemical processing plants, industrial 
machinery, etc. It is for this reason, there- 
fore, that a number of states have decided 
not to set up a radioisotope checking bureau. 
These reasons may not be valid five years 
from now. 


USE OF ISOTOPES IN 


INDUSTRY 


It is axiomatic that more and more radio- 
isotopes will be used in industry because of 
their unique properties and their ability to 
get things done more easily, cheaply, and 
rapidly. The various isotope applications in 
use today, according to my calculations, 
now save American industry more than 
$100,000,000 per year. These figures are 
the result of a careful evaluation of the 
known uses of radioisotopes and a conserva- 
tive estimate of the actual savings which 
they make possible. For this reason the use 
of radioisotopes in industry will continue 
to grow. 

I have very little fear that research uses 
of radioactive materials will lead to any 
greatly increased hazards. Most of these 
experiments are performed at the millicurie 
and tracer levels. It is my feeling, therefore, 
that no real problem of radiation safety 
exists here. Nor do I believe that we have 
any real problem with respect to the use 
of radioactive personnel-marker buttons and 
signs. The growth, as I see it, will be in 
the increased use of other types of sealed 
sources. It is estimated that the present 
market for thickness gauges is only about 
5% saturated, i. e., that in the next few years 
we may see approximately 20 times as many 
thickness gauges as we have now. 

Radiographic inspection is perhaps further 
along toward saturation, but here again an 
increase of perhaps 10 to 15 times the num- 
ber of installations presently involved would 
not be unreasonable. The quantity of radio- 
isotopes used per thickness gauge or per 
radiographic source probably will not in- 
crease, but it will be the total number of 
such units that will become larger. 

If radiation sterilization of foods or the 
initiation of chemical reactions proves to 
be economically procticable, there may be a 
large increase in terms of the numbers of 
kilocurie sources used. 


One might look at the protection problem 
raised from the standpoint of manufacturing 
such sources and from the standpoint of 
using them. The problem of protection 
against accidental internal ingestion of radio- 
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isotopes involves a knowledge of how to 
make a good tight source. This is simply a 
mechanical engineering problem. Here, to 
be sure, a smafl number of personnel will 
be handling a large quantity of rather 
hazardous radioisotopes. The answer to 
preventing hazards to the workers seems to 
lie in liberal use of air and surface monitors, 
in careful housekeeping, and in a good 
health-physics program. 

The problem of using radioactive sources 
of high intensities is essentially one of pro- 
tecting against external radiation. This is 
not an insurmountable problem. Several feet 
of concrete shielding or a sufficient depth 
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of water are adequate. At our Brookhaven 
National Laboratory one can work with 
large kilocurie sources quite safely by han- 
dling them, for example, under 15 it. of 
water. These sources are intense enough 
that they will glow of their own accord. 

I do not want to oversimplify the problem, 
but it should be stressed that adequate pro- 
tection against radiation can be obtained 
and that the know-how is available. With 
film badges, radiation detection devices, con- 
tamination detecting equipment, etc., at 
hand, there is no reason why radioisotope 
utilization on an industrial scale cannot be 
achieved with complete safety. 


Health Problems the 
Ube of Kadioisotopes in Medicine 


CHARLES L. DUNHAM, M.D., Washington, D. C. 


Probably the simplest form in which radio- 
isotopes are now met with in hospitals is the 
so-called teletherapy unit or Co® gamma 
sources, ranging from 250 c. up to 1000 to 
2000 c. of radiocobalt. The early forms of 
these sources—that is, early in the sense that 
they were developed a few years ago—were 
in the thousand curie range. These devices 
required a great deal of shielding—1000 Ib. 
or more of lead and somewhat less if the 
shielding material was uranium or tungsten. 

A great deal of thought and time has gone 
into the designing of these units in such a 
way that the shielding presents no cracks or 
leaky crevices for stray radiation inadver- 
tently to irradiate either the patient or the 
personnel operating the machine. Much has 
been accomplished, and now the design of 
the source holder proper is standardized by 
international agreement, at least between the 
United States and Canada. The source holder 
is the containing capsule within which the 
radiocobalt is placed at Chalk River or Oak 
Ridge or wherever else the cobalt is pro- 
cessed. The purpose of making this container 
a standard item is for the convenience of 
having all cobalt sources, irrespective of the 
place of manufacture, fit into all teletherapy 
heads or shielding devices. These heads are 
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devised and designed by people in Canada 
and by a number of manufacturers of x-ray 
equipment in this country. 

There are hazards involved with loading 
and unloading the radiocobalt into these 
machines, even though it already comes in a 
package, but this is something that obviously 
has to be done by trained personnel. The 
container transporting these units across the 
country has to be very carefully controlled 
in design so as to protect persons who may 
come into its vicinity. 

The design of the room within which one 
of these units is to operate can also be a 
problem, because Co” has a very penetrating 
form of radiation, equivalent in energy to 
1,200,000 volt x-rays. It means that the 
room in which the machine is placed must be 
adequately shielded from the rest of the hos- 
pital in order to protect other personnel. This 
usually requires thick walls, preferably con- 
crete. Some institutions have placed telether- 
apy units below the surface of the ground, 
so that there will be no hazard on two sides 
if the room occupies a corner position. The 
shielding of the device itself has to be suffi- 
ciently thick so that when the machine is 
turned off people can work in the immediate 
area for reasonable periods of time and not 
accumulate more than the maximum permis- 
sible amount of external gamma radiation 
exposure. This has posed quite a few prob- 
lems in design, but the shutter mechanisms 
are now satisfactory, and any failure in the 
device automatically places the cobalt source 
behind adequate shielding rather than in the 
“on” position. To complicate things, of 
course, the radiotherapists have been fasci- 
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nated for the past few years with the idea of 
rotational therapy. When it comes to design- 
ing a machine weighing 1000 to 2000 Ib. for 
accurate rotation around the patient, with 
the beam directed at a hypothetical point, 
one can easily see what major engineering 
problems are involved. 


The Sr® applicator is another type of ther- 
apy device utilizing a fixed source which is 
presently being used with considerable suc- 
cess for lesions of the eye by members of the 
medical profession other than trained radi- 
ologists. The main problem here is in assur- 
ing that the strontium is securely fixed to 
the applicator and will not “leak.” 

Another use of radioisotopes is for inter- 
stitial therapy and involves the introduction 
of radioactive material directly into tumor tis- 
sue. The radioactive material can be admin- 
istered in the form of colloids, such as radio- 
gold, or as beads, seeds, needles, and the like, 
similar to the classical use of radium. The 
problem of using beads and seeds is not too 
great from the standpoint of health and 
safety. In the old days, when a few millicuries 
of radium got lost, the guards and fire de- 
partment were turned out to find it, partly 
because of the hazards and also because the 
radium was so expensive. Psychologically, 
the only real problem in the use of fixed 
sources of radiation, such as Co®, for inter- 
stitial therapy is that they are cheap and 
there is a tendency to get careless about 
things that are not expensive. 


There must be adequate provision for iso- 
tope storage, both in the private physician's 
office and in the hospital. Large users of 
radioisotopes have vault-like arrangements 
for holding isotopes. Where only small 
amounts are used, much cruder and simpler 
arrangements can be made with lead brick 
shields in the corner of a room. Of course, 
there is a certain amount of precaution which 
must be taken in transferring the isotope 
from the original container to the radioactive 
“cocktail” or to the syringe which is to ad- 
minister it. 
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Techniques for safe handling of isotopes 
are well known and are available to all who 
wish to learn them, either at Oak Ridge or 
at the medical centers which are using iso- 
topes every day. There are certain hazards 
in using isotopes, aside from the question of 
good medical practice. Occasionally in treat- 
ing a cancer of the thyroid, rather large doses 
of radioiodine are given, as much as 150 mc., 
and the patient is literally radioactive for a 
time. It is unlikely that such a person would 
constitute an important hazard, but he should 
be placed in a room with adequate provision 
for shielding (or adequate distance) so that 
nearby patients do not get an unnecessary 
amount of radiation. This, of course, is 
equally true for radiogold. Recommendations 
have been established for restricting the lib- 
erty of patients receiving isotopes unti! their 
body burdens fall below 30 mc. There is a 
problem of disposal of unused radioisotopes 
as well as those excreted in the urine and 
feces. Radiogold, which is a colloid, will not 
contaminate excreta, but radioiodine, for ex- 
ample, is excreted in the urine. In this case 
it is simple enough to let the urine decay to 
an appropriate level and then throw it down 
the drain. 


In general, patients are not given huge 
doses of radioisotopes therapeutically for 
cancer a day or two before they are expected 
to die. Occasionally, however, a patient may 
receive a large dose of radiogold as a pallia- 
tive measure for generalized abdominal car- 
cinomatosis and in a day or two die. 

The pathology departments, which are, in 
general, not actively working with isotopes, 
may get alarmed about such a situation. The 
National Committee on Radiation Protection 
in Handbook 56 recommends that the physi- 
cian responsible for administering the isotope 
and the person who signed the death certifi- 
cate fill out a form indicating the type of 
radioactive material as well as the need, dur- 
ing the autopsy or embalming, for the guid- 
ance of a radiation safety officer. 

The parenteral uses of the longer-lived 
radioisotopes include primarily C’*, with a 
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half-life of 5580 years, and H*, with a 12.4- 
year half-life. From the standpoint of safety 
to personnel in hospitals these are not likely 
to constitute an important hazard. The real 
problem involves the use of tracer doses, 
either diagnostically or for scientific pur- 
poses, without creating a hazard to the pa- 
tient much later in life. 

The Subcommittee on Human Applica- 
tions of the Advisory Committee on Radio- 
isotopes to the Atomic Energy Commission, 
composed of an internist, a radiologist, and a 
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radiological physicist, has the most unenvi- 
able job of deciding in critical cases who will 
employ radioisotopes in the practice of medi- 
cine, especially with reference to unusual 
usages. This Committee is affectionately 
known by those who deal with it as the 
“Subhuman Committee,” and I wish to take 
this opportunity to commend them on the 
deft way in which they have walked the tight- 
rope of not interfering with the practice of 
medicine and at the same time protecting 
the general interests of health and safety. 
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Health 
the Processing Sndustry 


HERBERT M. PARKER, M.Sc., F.inst.P., 
Richland, Wash. 


Earlier contributions at this meeting have 
suggested that reactors for industrial power 
may be of two broad types. The first, oper- 
ating with solid fuel elements, would consti- 
tute a conventional power station. The sec- 
ond type, the homogeneous reactor, with the 
nuclear fuel in solution or suspension, would 
to some extent be a combined power station 
and chemical plant. We shall consider only 
the first case and postulate that fuel elements 
from a battery of power stations are returned 
to a central processing plant for treatment. 
The scope of such a plant would include sepa- 
ration of plutonium, recovery of U*** for reuse 
(or related products in both cases), and re- 
moval of fission-product wastes for storage 
or commercial application. 

We are concerned with radiological health 
in the plant and possible effects of effluents 
on the environs. 


Employee health protection is conveniently 

broken down into two categories : 

1. Control of external penetrating radiation. 

2. Control of radioactive contamination. Contami- 
nation is simply actual radioactive material in 
the wrong place. This may mean on work 
surfaces in the plant, in the atmosphere, in the 
ground, or in water supplies. Ultimately, the 


wrong place par excellence is deposition in the 
body. 
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The first category has no unsolved prob- 
lems. Conventional control is by shielding, 
distance, or time. Of these, the first two are 
engineered into the plant. Some residual 
operations are controlled by time limits based 
on radiation monitoring prior to and during 
performance of the special work. 

The second category introduces all the 
significant problems in the radiochemical 
processing industry. To date it has not been 
possible to design facilities that will eliminate 
contamination. 

When contamination does occur, two 
classes of exposure may occur: First, the 
material itself may emit enough penetrating 
radiation to constitute a hazard from exter- 
nal radiation. This component can be con- 
trolled by temporary shielding, distance, or 
time limits, just as radiation from contained 
sources is controlled. 

The second class of exposure arises from 
potential transfer to the body through inhala- 
tion, ingestion, and transmission through 
the skin or through wounds. Prevention of 
these processes is the expensive, time-con- 
suming phase of protection. 


Briefly, the defensive steps are the follow- 
ing : 


1. Establishment and observance of contamina- 
tion control areas, implemented by 
Protective clothing and equipment 
Check-out surveys of clothing and skin 
Control of removed contaminated equip- 
ment 
Decontamination of affected areas 
2. Maintenance of safe breathing air, implemented 
by 
Ventilation zones, with air drawn from 
clean zones to less clean zones 
Containment of contamination-generating 
sources wherever possible 
Air-cleaning techniques at exit from source 
enclosure spaces 


3. Personnel protection procedures, including 
Frequent monitoring of skin and clothing 
Skin decontamination 
Prompt treatment of contaminated injuries, 
which includes use of venous-return 
tourniquets, profuse water flushing, 
decontamination of site under medical 
direction, and, if necessary, small ex- 
cisions around a wound 

For inhalation, nasal smears and irrigation 

Bioassay—radiochemical analysis of urine, 
blood, or feces to estimate possible 
body depositions 

External monitoring can occasionally be 
used to detect deposition in lung, 
thyroid, or other organs. 


In this program there is nothing novel to 
conventional industrial hygiene in principle. 
The intensity of the effort has to be charac- 
teristically greater, because the toxic mass 
for radioactive contaminants may be thou- 
sands of times lower than for conventional 
contaminants. 

There seems to be no absolute level of 
general contamination marking the boundary 
between safe and unsafe levels. The con- 
servative practice of removing all detectable 
loose contamination avoids the pitfalls of 
having contamination gradually spread to 
supposedly clean areas, private or public 
vehicles or employee residences. 

Just one incident of public contamination, 
in addition to being a limited health hazard, 
is certainly a public relations hazard to peo- 
ple whose morale should not be disturbed by 
the exaggerations that*arise in such incidents. 

Summing up the points on employee pro- 
tection as we see them now, there are two 
ultimate health hazards in the business of 
operating radiochemical plants. First and 
most spectacular, there will always be, one 
supposes, a very few accident cases, the kind 
of thing Dr. Sterner mentioned so well yes- 
terday. They are of two kinds: (1) the 
very severe problem of contaminated injuries 
and what to do where prompt medical treat- 
ment is the solution to the problem—prompt 
medical treatment sometimes when the radi- 
ation effects cannot be determined in full— 
and (2) the type of accident case which is 
probably inhalation of radioactive dust. De- 
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spite controls, slips can be made, and once 
the radioactive dust is deposited in the lungs, 
unless nature wills it to come out again, so 
far experience seems to fail to encourage 
success in man-induced removal. 

On top of this, the long-term hazard is 
very likely this: that despite the best con- 
lamination control measures, there will con- 
tinue to be radioactive contamination in the 
air of radiochemical plants, and there will be 
through the course of the years a very slow 
build-up in the bodies of virtually all the 
working force of some long-lived materials. 
This again is a problem that Dr. Sterner 
talked about. It is the one, I think, that has 
not been thoroughly analyzed, or perhaps 
even attempted, for parallel problems in any 
other industry on this scale, because one 
knows the final answer only some 10, 20, or 
30 years from now. 

Perhaps by the time the deposit becomes 
a hazard at a significant level—I want to 
make it clear we do not believe it is at or 
near that level at the present time—the true 
permissible levels for any isotope will be 
well known. 

At the present time figures in Handbook 
52 are to some extent physicists’ dreams and 
do not yet bear the kind of factual relation 
to the hazard problem that we would like to 
have for all isotopes. 

Now, as to general effects on the com- 
munity, these will come in three ways: First, 
we are visualizing a set of power reactors, 
with the fuel elements shipped from the re- 
actors to the chemical plant. In this situation 
shipping is an accident hazard, but normally 
this is a well-controlled one. Shipment of 
radioactive materials of any activity can be 
done safely, and the only problems for the 
community are those arising from an acci- 
dent. When one ships by truck, for example, 
if the truck has a major crash, there is a 
local problem for the community; it is a 
problem of hazard extending some several 
hundred feet perhaps from the source of the 
“crime” in dealing with solid fuel elements. 

The shipment of radioactive waste liquids 
might be a much more pertinent public health 
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question, since in the event of a major crash 
en route such material could escape and get 
itself into secondary complications that we 
can discuss under another heading in a mo- 
ment. With reasonable precautions, there 


should be little risk in making shipments of 
this type from power plant to chemical plant. 


So much for material coming to the plant. 
Now the chemical plant may send material 
out in two ways, in addition to planned ship- 
ments of reprocessed fuel elements. The first 
is by waste disposal of solid or liquid ma- 
terial. This disposal of solids is fairly well 
controlled; they are put in a box, and the 
box is kept in a controlled place. The volume 
then is the only problem. Storage of liquid 
material is one of the main long-range prob- 
lems of the whole radiochemical processing 
industry, and no one knows the ideal solu- 
tion. Every one dreams of a private pipeline 
from his radiochemical plant to some depth 
in the ocean from which the material could 
not rise because of favorable temperature 
gradients in the ocean, but that stage is 
not reached very readily. In the meantime, 
the requirements of waste disposal from large 
plants essentially determine where those large 
plants shall be and, I think, essentially say 
that they will not be in communities. It is 
on this one factor that probably a large share 
of the technology of industrial use of atomic 
energy may depend. 

Such materials can, of course, be held in 
tanks for reasonable decay periods. By rea- 
sonable decay periods one is thinking in 
terms of something of the order of 50 years, 
because when one commits material to a tank 
one must be assured of the integrity of that 
tank for a given length of time ; to make one 
that will hold one’s problems for longer than 
that turns out to be a very expensive propo- 
sition. 

Wastes of lower activity can be handled in 
a variety of ways with what one might call 
first-order safety. At least in some favored 
locations it has been shown by the rather 
close study of the actual conditions that sub- 
stantial volumes of waste material can be 
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returned into the ground, where the soil acts 
as a scavenger of the radioactive material and 
provides what amounts to a wall-less tank in 
the ground, ending up with a filtering- 
through of essentially clear water which goes 
to the ground water supply and ultimately 
gets back to the public domain. The method 
must be supported by a long-continued study 
system to make sure that there are no natural 
processes that can later leach out those de- 
posits. 

On a lower scale one can reasonably dis- 
pose of material to public sewers and the 
like, but one sets up the problem there of 
following any concentration of the material 
at points down the line from the disposal 
system. It is rather easy to show that many 
radioactive materials show an undesirable 
tendency to concentrate where least desired. 


If one picks out specific radioelements, 
one can find concentration factors in nature 
as high as a half-million-fold, and this is a 
very serious determinant in estimating health 
hazard. 


The third problem, and the second mech- 
anism of escape from the radiochemical plant, 
is disposal to the atmosphere of gases or 
dusts. In principle this is a very easy situation 
to control. One knows how to remove gases 
from waste streams, and one knows how to 
remove dusts. The only difference from ex- 
perience in more familiar industries is degree 
of cleanliness require 


Take, for example, one isotope, I'*!, which 
is one that will occur in chemical plants 
which reprocess fuel material. Then, on a 
weight basis 1 part of I'** in 50 quadrillion 
parts of air constitutes the permissible limit. 
I noticed with interest the display down the 
hall of the gruesomely toxic materials of non- 
radioactive character that one encounters, 
but their MAC’s are many, many zeros away 
from being 1 part in 50 quadrillion, and it is 
on this difference in degree of 1 part in 50 
quadrillion versus something more on the 
order of 1 part in a million that the engineer- 
ing skills, and equally so the health hazard 
problems, hinge. 
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Again, in release of the materials to the 
atmosphere the obvious hazard is not always 
—in fact, one might almost dare say not 
usually—the real hazard. The common ele- 
ment I'* is a case in point. It is not proper 
to use Handbook 52 figures, which are for 
human breathing of I'*', because this turns 
out not to be the final relevant problem. The 
material is released essentially as a gas or an 
aerosol. When traveling over the land sur- 
face, it deposits on vegetation and the like, 
and one must be concerned with the second- 
ary hazards set up. 

Such hazards are two in nature—the haz- 
ard to grazing animals eating vegetation con- 
taminated with I" and the additional possi- 
bilities of such occurrences being over truck- 
farming land where products are actually 
used by man or used directly as in milk 
from cows on contaminated pasture. One 
must be sure when one studies these prob- 
lems to pick the critical determinant. The 
matter is made all the more difficult if sev- 
eral determinants happen to be comparable, 
as in this case. For I**' the limit established 
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in this way is about one-thousandth part of 
the otherwise conventional limit. 

Small fission product particles, in addition 
to separated materials like I'™, also have 
the habit of escaping from processing plants. 
For some years yet such emissions will cause 
concern, not because there is a known exist- 
ing hazard in such things but because one 
cannot dismiss the problem unequivocally. 
More must be known about the real hazard 
of inhalation of very small radioactive parti- 
cles. The solution will probably take at least 
another decade. Even so, perhaps it will 
come before we can make the alternative solu- 
tion to have engineering that will 100% pre- 
vent escape of small radioactive particles to 
the atmosphere. 

In the meantime, the combined problems 
of the escape of contaminants to the air and 
the disposal of liquids suggest a technology 
in which major radiochemical facilities are 
isolated from communities. With this tech- 
nology there is every reason to believe that 
the health problems induced in the commu- 
nity are entirely insignificant. 
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of the Energy Sndustry 
from Government fo rivate 


JOHN C. BUGHER, M.D., Washington, D. C. 


It is important to recall the fundamental 
purposes of the atomic energy program. First 
of all, the military requirements are and have 
been from the beginning overriding, because 
unless the security of the country is preserved 
there is no future in an atomic energy in- 
dustry or any other industry in this country. 
Consequently, the Commission has ever been 
mindful of the obligation placed upon it by 
the Congress to make all possible speed in 
the development of nuclear weapons for the 
various branches of our defense system. 


As time has gone on, the results, I think, 


of that enormous effort have become apparent 
to all, and, while we cannot say that the job 
has been done, it is possible to put more and 
more emphasis upon the nonmilitary aspects 
of atomic energy, and these are the things of 
ultimate benefit. 


There is one peculiar aspect to the atomic 
energy program, and it does not exist so far 
as I know with respect to any other major 
military activity. The material that is manu- 
factured for weapons is not perishable in any 
temporal sense that man is concerned with 
but can be devoted to production of power, 
the operation of reactors for all sorts of pur- 
poses, including medical applications. 


You will need to recall that under the pre- 
vious Atomic Energy Act the Commission 
was restricted in many ways with respect to 
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the mode of its operation. All the atomic 
energy activities fundamentally were under 
the Commission’s direction and carried out 
through a system of contracts. It was feasible 
to incorporate stipulations into the contract 
with respect to the preservation of the public 
health and safety. It is quite obvious that this 
constituted a new form of application of pub- 
lic health regulations and their enforcement 
through a contract mechanism. 


With the new Act private industry is to 
be regarded as a partner of the government, 
and industry will be left as free as possible 
to continue its own development, to intro- 
duce its own ideas, and to thus accelerate the 
pace of the development of these applications. 


Under the new Act there is set up a system 
of licenses. These have been under study and 
formal writing now for quite some time and 
are now at the point of being submitted to 
the various agencies for their criticisms and 
final approval from various points of view. 


The general intent of the Congress is well 
expressed in the section which deals with 
medical therapy and research and develop- 
ment. It says: 


The Commission is authorized to issue licenses 
to persons applying for utilization facilities for use 
in medical therapy. In issuing such licenses the 
Commission is directed [not “permitted,” but “is 
directed”] to permit the widest amount of effective 
medical therapy possible with the amount of special 
nuclear material available for such purposes and 
to impose the minimum amount of regulation con- 
sistent with its obligations under this act to promote 
the common defense and security and to protect the 
health and safety of the public. 


Now, I think that the intent of the Con- 
gress is that, without abrogating or avoiding 
its responsibility, the Commission should at- 
tempt to accomplish these objectives with the 
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least amount of regulatory interference with 
the program of development. Reasonable 
regulations and stability of such regulations 
become extremely important, especially to an 
industrial concern that is going to risk capital 
in a development or in a program which will 
carry it years into the future. 

We also have to recognize that the indus- 
trial and medical application of atomic energy 
is a highly fluid art; it is based on a vast 
amount of accumulated knowledge. It is 
therefore imperative that research continue 
not in reduced amount but in increasing 
tempo and increasing amounts as our scien- 
tific capability and man power develop. 

In the Act we find a distinction between 
production and utilization facilities. pro- 
duction facility has to do with the production 
of material, such as plutonium, U***, and 
U**. A utilization facility is something that 
makes use of nuclear energy in some way, 
and while the definition given in the Act is 
more complicated than the one I have men- 
tioned, it is subject to rather broad interpre- 
tation. It places upon the Commission the 
responsibility of determining what is meant 
by the utilization facility by this type of 
reasoning: There should be a clear involve- 
ment of nuclear energy of appreciable mag- 
nitude in the facility, and those things not 
previously within the domain of the Atomic 
Energy Commission’s concern should not be 
included. In other words, while an x-ray 
machine may be said to be a device utilizing 
nuclear energy, the Atomic Energy Commis- 
sion has never controlled such devices. Ac- 
celerators, betatrons, x-ray devices, and so on 
do not in present thinking come under this 
definition, but reactors do, and reactors and 
their by-products for the moment would seem 
to constitute the main point of interest as far 
as the medical profession is concerned with 
respect to the question of licenses. We find 
that under the Act there are all sorts of 
licenses required, and the matter is not 
simple. If you wish to have a reactor, you 
have to have a construction permit to build a 
reactor. Once the reactor is built, of course, 
it is not possible to use it unless you have a 
license for the special nuclear material that 
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is required to put it into operation. If it is 
going to be operated, there has to be an oper- 
ator, and an operator license is required for 
the operator to come into the picture, and 
so on. 

The control of such things as Co*® irradi- 
ators can be, and probably will be, by means 
of the by-product regulation which has to do 
with the sale and distribution of isotopes. It 
does not appear to be necessary to license the 
machine as a device which holds Co*; the 
isotope itself is the point at which control is 
exercised. 

Now in this general philosophy, devices 
and applications may be licensed to industry 
after the Commission has made a determina- 
tion that the application has practical value. 
In other words, before there can be general 
release of a device or process in industry for 
sale or for distribution, the proposed manu- 
facturer or vendor of a utilization device or 
facility has the burden of proof on him to 
demonstrate its value, but he is given a great 
deal of encouragement in demonstrating that 
practical value. 


There is also provision for licensing for 
general research, which is not res:arch de- 
signed to lead to demonstration of practical 
value of devices. In the development of pro- 
duction and utilization facilities under the 
new Act, there are many problems, no one of 
which perhaps always has a completely clear 
and satisfactory answer. We have the prob- 
lem of the proximity to population concen- 
trations. This becomes especially important 
where large power reactors are to be estab- 
lished. These matters of the public health 
and safety come to bear very much on the 
decisions and location of production and 
major utilization facilities. We have had in 
the past years a few minor accidents in the 
course of transporting radioactive material. 
They have not resulted in death to people, but 
we do have to recognize that such accidents 
are always possible and sooner or later if 
they are allowed to occur will lead to serious 
harm. 

It is conceivable at times, in exercising the 
responsibilities of the Commission, that a 
license might be revoked because of an 
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opinion on the part of the Commission that 
the holder had not complied with the require- 
ments. On the other hand, the licensee might 
very well feel that the requirements had been 
unfair or that the Act had been unfairly and 
unjustly administered. There is provision for 
appeal from such decision relative to revoca- 
tion of license in order to insure that the 
rights of the licensee will not have been vio- 
lated. The philosophy that has animated the 
Commission in the past, and continues to do 
so, is to rely very heavily on the National 
Committee for Radiation Protection, a body 
of experts who have no vested interest in the 
program itself, who have tried to look at 
problems from the standpoint of the scien- 
tific facts and the general protection of the 
public. 

Some other problems in the licensing pro- 
gram involve definitions; for example, the 
question of the operators’ licenses. Who is an 
operator? The Act says that the person who 
manipulates the controls of the utilization 
device or facility is the operator. In the case 
of a reactor being used for the treatment of 
a patient, the technician who may be manipu- 
lating the controls may be under the direc- 
tion actually of the radiologist, the physician 
who is the real person on whom responsi- 
bility devolves. We do not propose to put in 
the hands of irresponsible and incompetent 
operators these utilization devices which are 
so potent both for good and for ill. 


Another example of complexities: A pri- 
vate person who wants to build a reactor has 
to have a construction permit. But the reactor 
cannot be operated until there is an operator, 
properly trained, who holds an operator’s 
permit ; nor can the reactor be operated until 
it has been inspected and a permit for its 
operation given. The person who is going to 
put his money in a reactor is quite unhappy 
naturally to find that there is no assurance 
a priori that his reactor is going to be opera- 
ble under these requirements, because such 
permits cannot be given until it has been 
found that the reactor is safe. There is a cer- 
tain amount of pain at some of these apparent 
limitations. However, I am quite sure that 
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in the long run they will not occasion any 
real and lasting difficulty, although in the 
short run they do create problems for all of 
us. 

There is another aspect of the Act in 
respect to industrial participation in that the 
Act provides that the special nuclear material 
licenses should hold the United States Gov- 
ernment and the Atomic Energy Commission 
harmless for any damage resulting from its 
use. It is quite conceivable that in a severe 
accident the damage might well be beyond 
the financial capability of the particular cor- 
poration to meet, and so insurance problems 
come into the picture. 

These are the aspects of the Act with re- 
spect to licenses and regulations that appear 
in prospect. But [think that, back of all this, 
one should keep in mind that the intent of the 
Congress is that research and development 
and the application of atomic energy in all its 
phases to peacetime purposes shall go for- 
ward at the maximum speed consistent, in 
the first place, with the national security and, 
second, with the public health and safety. 

The topic of cost factors in interpretation 
of current maximum permissible tolerance 
levels for exposure to radiation is a tough 
one, and I am sure that you are not going to 
get any answers that are fully adequate, be- 
cause it is a difficult thing to determine what 
costs are. Dr. Parker mentioned the fact 
that radiation protection, health protection 
generally, will run about 1% of the total cost 
of operation, and if one were to drop the 
maximum permissible exposure levels to 
about one-tenth, that would add about an- 
other 1% to the cost of operation. In terms 
of the product, the over-all cost, that is, of 
course, a small increase. From the standpoint 
of an industry that is trying to make a profit 
and relying for its future survival on its 
profit—let us say the profit may run 5% or 
6%—then these increments and shifts in cost 
become quite important in the over-all opera- 
tion of that industry. 


To state categorically what the costs are, 
again, is difficult from the operational stand- 
point. At times we have been criticized in the 
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atomic energy system for the high cost of 
radiation protection. It may run somewhere 
in the neighborhood of $100 per employee 
per year, as against a fraction of that for all 
other safety measures put together. There 
would appear to be a disproportion between 
the costs devoted to one group of hazards as 
against another. However, in our over-all 
costs of radiation protection there is also in- 
cluded a great deal of investigation and re- 
search into the means of further improving 
such systems, and consequently during these 
years costs have been relatively high. What 
would have been the cost of construction if 
we had insisted that the radiation exposure 
levels be reduced to one-half of that which 
has been permissible? We can also ask the 
question, “What would be the reduction in 
cost if it had been possible to double the per- 
missible exposure ?” In terms of another year 
or so we should have, I think, some valuable 
analysis of capital costs from that point of 
view. 

Comment by Dr. Parker: I perhaps ex- 
pressed myself badly yesterday when I gave figures 
of 1% for radiation protection. I meant to say that 
if you are building a facility for handling large 
quantities of radioactive material you are going to 
have to invest a lot of money for protection, but if 
you aim at some particular level which is within 
reason, then it will cost you only 1% more to 
achieve a safety factor 10 times better and only 
1% more again to achieve an additional safety 
factor of 10. But of course the original cost is more 
than the 1%. 

That specifically did not refer to the running cost 
of radiation protection. Those direct costs are 
more on the order of 3% to 4% in general experi- 
ence, They count really direct costs of radiological 
protection services and not the indefinite things 
which are hard to evaluate, such as slower methods 
of doing work, sometimes. This gets back to the 


whole problem that we must concede we are work- 
ing in a hazardous industry. 


DISCUSSION 


Dr. SteRNER: I think it was fortunate when the 
first reactors were developed that there was a cloak 
of security over the whole thing. It was fortunate 
from the standpoint of getting things going, because 
we had the reactors set down initially in com- 
munities, which were developed about the same time, 
without full knowledge of the people in the com- 
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munity as to just what the implications were. 
That was necessary because of the circumstances 
in the early development of the Atomic Energy 
Program. However, by the time the individuals in 
the community had full knowledge of what was 
going on, we had under our belts a certain reason- 
able security that these things would continue to 
act in a controllable fashion, and so by the time 
the first community really was aware of the prob- 
lem, there was a reasonable acceptance of the fact 
that the reactor was operating safely and that they 
could live together in a reasonable fashion. 

The same thing holds in a way with respect to 
the individual workman who went into these areas. 
There had to be indoctrination, of course, as to a 
certain amount of hazards, but I am sure that many 
of the persons who went into the area did not 
grasp the full implications of the hazards. 

However, with time and with the experience that 
was developed, we now have a reasonable ac- 
ceptance, certainly within the present atomic energy 
institutions. The extension of this to other areas 
has been noted by Mr. Duncan Holaday, and I think 
that we will have a considerable problem of prep- 
aration, with the security of knowing that people 
have lived in areas near reactors and that there has 
been a reasonable amicable relationship. 


Mr. Davis: I don’t know that I can add anything 
to what Dr. Sterner said. In the past people have 
become quite concerned when they have heard about 
nuclear reactors being put somewhere near their 
cities, but I think the general trend over the years 
has been to discount these fears, and as people begin 
to know more about reactors and realize how long 
they have been operated without any incidence of 
any sort, their fears are pretty much relieved. 

There is a problem, I think, though, that will 
require quite a bit more consulting and considerably 
better education of the public as to the facts before 
we can expect to put large-scale reactors in heavily 
populated areas. I don’t think people are ready 
to accept this yet, and I don’t know that we really 
have enough experience even to do this on a rea- 
sonable basis as yet. I think the time will come 
when a reactor will be accepted in much the same 
way as a chemical plant or oil refinery plant. You 
don’t put it right next door, but you don’t mind if 
it is in your industrial area. 

Mr. Morris: What might have happened had 
the Chalk River reactor been, say, at Shippingport, 
Pa.? Would the cloud of radioactive material have 
done any particular harm to the communities, and 
what would the authorities have done with the vast 
amount of radioactive water which they found it 
rather easy to dispose of, because they had a lot of 
area there that was of no particular value? I think 
it was a swamp of some kind. 


Dr. Taytor: I think that the release of the cloud 
of radioactive material would have had no great 
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effect on any community. It did not constitute a 
hazard at Chalk River, and this was not simply be- 
cause it was a relatively unpopulated area. The 
activity that was discharged to the air was made up 
largely of short-lived fission products, and the decay 
was very rapid. I will agree, however, that a very 
serious problem would have arisen in the densely 
populated area insofar as the disposal of the more 
than a million gallons of heavily contaminated water 
was concerned. My own feeling would be that, 
insofar as our experience at Chalk River was con- 
cerned, it is the problem of waste disposal in such 
an emergency which would make me hope the first 
power reactors would be in a more unsettled area. 

Mr. Davis: I might remark that Shippingport is 
quite a distance from any heavily populated areas in 
Pennsylvania. I can’t recall the exact distance, but 
it is of the order of 30 miles from Pittsburgh. That 
is quite out in the open. I don’t know just how this 
compares with the Chalk River site, but it may be 
quite comparable as to distance. 

Mr. Gost (Glenn Martin Company, Baltimore) : 
I am wondering whether this country may not have 
paid a rather serious price from being perhaps a 
little overcautious. I realize that maybe a lot of 
people woudn’t agree with me, but the first speaker 
mentioned that we have had an excellent health 
program in the A. E. C. for 12 years. I think 
that when anyone looks at the problem he wants to 
make sure he is not on the extreme end but maybe 
at a happy medium, and I am wondering whether 
one might up the radiation dose we have now. 

Dr. STERNER: We have two major attacks on 
this problem as to an acceptable level. One, of 
course, comes on the cost factor, and that is real 
consideration. But as we develop more and more 
information, we are sharpening our tools in evalu- 
ating injury, and so we are constantly having pres- 
sure from that end to reduce the radiation levels 
because of remote effects, genetic effects, shorten- 
ing of life, and one comes to the conclusion that 
the original “guesstimates” by which we are operat- 
ing now seem to be a pretty reasonable compromise 
on this. No one can ever set up a suitable criterion 
which will satisfy both the cost factors and the 
humane considerations. This happens with all maxi- 
mum allowable concentration values where the 
suggestion is made that if we set our limits so that 
no one is injured we are costing industry and all 
of us entirely too much. Shall we allow 1%, 5%? 
No one can answer that satisfactorily, but from a 
practical viewpoint the present operating limits 
seem to be a pretty good compromise. We can’t 
say yet that we are not going to get injuries at these 
levels based on long-term measurements. 

Mr. Davis: I think that, insofar as power 
reactors are concerned, our basic problem of costs 
is not one of the health physics that goes with the 
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operation of the plant. It is true that it adds some- 
thing, and in some cases quite a bit, to the normal 
operating cost as acquired with, say, a conventional 
power plant. The thing that is likely to make the 
big difference in terms of economics is some of the 
factors discussed earlier, such as, Where can you 
put such a power plant? and How much land area 
must it occupy? These costs are far greater, in 
general, than the costs associated with physics and 
can make something which might otherwise be eco- 
nomically feasible totally out of the question. I 
think this is the important problem here. 


Mr. Gost: The problem that I had in mind here 
was: Does man sometimes pay a penalty by being 
too safety-conscious? Where we are competing with 
another power that is coming along very rapidly, 
sometimes we wonder whether we haven't gone too 
slowly and to what is this slowness due, or whether 
we are making good progress? 
hard question. 


I realize it is a 


Dr. BuGHEr: It is a very hard question, and 
whatever conclusion comes is always a compromise 
among all these factors and will never be entirely 
satisfactory to any one of these considerations, I 
think. 


Mr. Hayes (U. S. Atomic Energy Commission, 
Washington, D. C.): Dr. Bugher, could I make 
a suggested answer to that? I think we forget 
sometimes that other industries have grown up 
with many catastrophes and many losses of life 
which have not been added up into the cost of the 
development of those industries. Whenever this 
question of how much money has been spent for 
protection is raised, it is frequently forgotten that 
the experience has been without incidents as have 
occurred in other industries. For instance, in the 
early days of the steam engine 1000 persons were 
lost in the explosion of the Slocum. In the early 
days of the railroads railroad engines blew up every 
day, as well as steamboats. In the field of mining 
we had great incidence of silicosis. We have not 
had those great expenses in atomic energy, and we 
should not lose sight of that cost when we try to 
estimate what all this protection has cost the 
country. 

Dr. BucHer: Thank you. I think it is an ex- 
tremely well-taken point. Last night we were listen- 
ing to the history of some 60 workers who were 
lost in a mine from carbon monoxide before ade- 
quate measures were taken to prevent it. Many 
more deaths have occurred since. How much a man 
is worth in dollars becomes really the nub of this 
question, and it is a hard one to answer. We usually 
feel that a man is worth a lot in terms of both 
dollars and effort which will insure his continued 
well-being. It pays off generally in many other ways 
than simply his own personal well-being. 


DISCUSSION OF IMPACT OF ATOMIC 

Mr. Parker: I should like to bring up the ques- 
tion of terminology. Mr. Terrill talked about ra- 
diation escaping from plants and the possibility of 
small users being held responsible for radiation 
that has been around for years. I think the basic 
nature of radiation is that it does not stay around 
for years. It is always in a terrific hurry to be 
somewhere else, and it is helpful to make a clear 
differentiation between radiation as such and radio- 
active contamination, the more so because we can 
analyze the economics of these two cases in a very 
different way. I think, if we agree to consider 
beams of radiation of the types of x-rays and 
gamma rays and also particle radiation of beta 
rays and neutrons and then, on the other hand, 
refer to radioactive contamination as an actual 
physical thing in the wrong place, we can separate 
these things more clearly. 

Mr. Morris: I have a sort of shotgun question. 
Some years ago | spent a few days at Brookhaven 
and left with the reaction that a reactor could not 
possibly run away. I read a statement attributed 
to Dr. Teller that if a reactor did run away it 
could probably be worse than a hydrogen bomb 
and then another statement that an explosion of a 
reactor would be in the order of possibly the ex- 
plosion of an automobile gasoline tank, and now 
we have come around the circle again and Mr. 
Parker says it is inconceivable that the reactor 
could run away. I think probably these various 
statements are taken out of context, and maybe 
that is the reason they sound so diverse, but I 
wonder if that could be tied up by the Panel in 
some sort of package. Another question which is 
related to the same thing: Suppose at Chalk River 
they could not have taken the steps that were taken 
to slow down the reaction, could the reactor have 
run away if left to itself? 

Mr. Parker: I will try to answer the first part. 
Dr. Taylor could more appropriately do the latter 
part. I did say it was conceivable that the reactor 
could run away in the sense of a nuclear reaction 
running away. This certainly can happen. What is 
inconceivable is that anyone would place a reactor 
of that type i a community. That is a different 
concept. Reactors of this particularly dangerous 
type must be kept in remote areas. And one would 
keep power reactors out of business in communities 
until every one is satisfied that new designs make 
a runaway inconceivable in that particular reactor, 
not in reactors in general. This is very plausible. 
In fact, one, I think, is already close to a reasonable 
man’s interpretation of the inconceivable, if we can 
put it that way. In addition, protective envelopes, 
such as the large steel sphere previously mentioned, 
assure complete protection of the community. 


Mr. Rosinson: That is about right. I would 
divide reactors into three types: research reactors, 
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production reactors, and power reactors. It is 
agreed that a power reactor would not be built if 
there were any idea it could run away. A research 
reactor is primarily for the purpose of finding out 
something about reactors, and to do so you have 
to do something with it that might cause it to run 
away. Research reactors of this type are the kind 
constructed out in Idaho, at the National Reactor 
Testing Station. In case they do run away, they 
won't hurt anything. This is what caused the con- 
fusion in your minds about the different kinds. I 
think that the power reactor probably will never 
be able to do anything but make power and will 
have as a major kind of breakdown that is now 
experienced in a steam boiler. There will be no 
explosion. The reactor might break down and 
squirt radioactive water or some metal out through 
cracks that develop. The authorities certainly 
wouldn't put an unstable reactor as a power pro- 
ducer near a city. The most unstable reactor is 
the bomb itself, if you want to call it a reactor. 

Dr. DuNnuAM: Maybe Dr. Taylor would com- 
ment on the second question. I think it is only fair 
that he should emphasize the type of reactor that 
they have at Chalk River, which is, again, not 
comparable to what Mr. Robinson talked about. 
It is a very high-flux research instrument. 

Dr. Taytor: I should point out also that I am a 
medical character and not a reactor operator, but 
there are two ways of controlling the Chalk River 
reactor—one is by the amount of heavy water that 
is in the vessels, and the other is by control rods. 
If you remove the heavy water, the reactor grinds 
to a halt. The type of accident we had, we might 
as well admit, was a runaway. To call it a power 
surge is a technical term. It ran about as far as it 
could go, because as soon as the water in the reactor 
began to turn to steam and the tubes ruptured, the 
heavy water began to escape, and the nuclear 
reaction couldn’t have gone much further than it 
did. 


Dr. Myers (Ohio State University, Columbus) : 
I should like to ask Dr. Taylor, whether, in making 
plans for persons who are going to have to go in 
and take as much as 15 r whole-body radiation 
in a short time, any consideration is given to their 
age and child-bearing proclivities. 

Dr. Taytor: We don’t have too much choice. 
The average age of the workers at Chalk River 
for the past 10 years has stayed at about 30. This 
does not mean we have discovered the fountain of 
youth, but the turnover is such that it is a young 
group. We did tend to select for the more dangerous 
jobs persons at the age of 45 and over among the 
hourly workers. We did not, however, intend to 
let anybody have 15 r in a week, and I may have 
misled you. When we set up the preliminary 
levels, we didn’t know whether we could hold to 
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them; we said 15 r total, 5 r maximum in a week. 
This was just a figure that we took out of our hats, 
if you like. By daily development of film badges 
and the use of chambers, we were able to calculate 
how much a person got in a short period. 


Mr. Gost: In that same connection, you men- 
tioned that one chap had 16 r and others had 10 r 
or less. Did you deny them their normal working 
tours after this happened? 

Dr. Taytor: The group that had 10 r (there 
were perhaps 30 or 40 who got up to that level) 
received that dose over a period of about nine 
months. We had planned to let them go on, since 
they actually didn’t receive much more than the 
maximum permissible average dose per week. The 
man that received 16 r got it toward the end of 
the restoration program doing a foolish piece of 
work, and he is still out of the active area; he got 
his yearly dose in 20 minutes, and I guess his time 
is about up now to go back to work. He is working 
in an inactive area. 

Mr. Parker: This figure of 15 r is by no means 
incompatible with the new rules written in the 
recommendations of our own National Committee 
on Radiation Protection under the heading of 
planned emergency exposure. 

Dr. DuNnHAM: This would be an emergency 
situation. 

Mr. Parker: The figure of 12.5 r is the emer- 
gency plan level. Then the Committee goes on to 
say that if the exposure is not more than twice 
that then the situation is in the clear. What the 
Committee has really been shooting at has been 
to go up to 25 r and to allow a little slack, because 
these are just the times when the dose levels may 
not be measured with precision. The Committee 
says that women of reproductive age shall not be 
subjected to planned emergency exposure. It also 
says that the normal working schedule wil! not be 
interrupted at these levels. 

Mr. Gost: This seems to be inconsistent with 
the normal planned dosage or maximum dosage. 
If you allow a worker to take 15 r and then come 
back and he can get up to 0.3 r per week, you have 
practically doubled up there somewhere. 


Mr. Parker: There is no inconsistency in it. 


Mr. Gost: You have raised the amount that 


he can get per year. 

Mr. Parker: Not per year, because the tight 
stipulation is that this shall happen only once in a 
lifetime. The man thereafter has to carry a credit 
card that he has had this. 

Mr. Gost: One emergency per life. 

Mr. Parker: That is right. 

Dr. Tayvor: I could comment a moment on the 
problem of decontamination of large surfaces. It 
might have interest to mention the fact that when 
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the reactor was put back in operation there was a 
residue of activity on the inside of the reactor 
building—sills, walls, girder. An operating con- 
tracting group came in and washed those walls and 
girders for six months, and we calculated roughly 
that what they were doing in those six months was 
to chase 6 mg. of material around the building. 


Mr. Parker: If you take the actual numbers 
Dr. Taylor gave for his incident and the fictitious 
case I gave, which is not going to happen, there 
is a factor of 100,000 difference between the two 
situations. In other words, the situation I pre- 
sented is 100,000 times worse than the Chalk River 
incident. 

Dr. DunHAM: We should be grateful to the 
Chalk River people for having developed this 
experience on a measurably smaller scale. 

Dr. STERNER: I have a legalistic question. I 
think the thread runs through several of the dis- 
cussions, Essentially the question is: How does one 
protect the individual from himself? As long as he 
is an employee of a large installation, examinations 
of one kind or another can be made a condition of 
his employment, but I wonder what the thoughts 
are when the person involved is a member of the 
general population within range of a power reactor. 
We assume that everyone will be so nervous in the 
event of a reactor accident that he will probably 
immediately do whatever he is told, but with a few 
contacts you wonder whether there may be a few 
that will take just the opposite point of view and 
not cooperate. This is obviously a legal question 
as stated, but I wonder whether there would be any 
comments on that point of view. 

Dr. DunHAmM: It sounds more like a problem in 
human psychology than legality. 

Mr. TERRILL: Well, our experience in this has 
been limited to some of the weapons’ test work. 
Experience out there has shown that one does not 
have any difficulty at all in getting people to co- 
operate, provided that one makes a few key visits 
so that the people understand that their properly 
constituted officials are in on the act and that it 
is an official action on the part of the community 
or state. 

Dr. Dunnam: I think Mr. Terrill’s point is 
very well taken. If the people are reasonably in- 
doctrinated and have confidence in the local authori- 
ties, Public Health authorities, and other respon- 
sible persons, even though there is bound to be an 
occasional person who congenitally goes the 
opposite direction, there should be no serious 
problem in getting cooperation. 

Dr. STERNER: I think I failed to state that one 
reason this came to mind was that, in reading the 
rough draft of the proposed New York State 
radiation code, there was a definite statement that 
the individual was to be held responsible for pre- 
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senting himself for bioassay procedures. I hung up 
on that point a bit. Why should this be necessary 
unless there had been a background of lack of 
cooperation ? 

Mr. TerRILL: I was in on drawing up that code, 
but 1 can’t recall why that statement was put in. 
It never came up for discussion to my knowledge, 
and I guess we passed it over too lightly in reading 
it over. I think it is a good point that we ought to 
at least know why it is in there for fear that more 
people will copy it; we don’t want anything in 
these codes that is actually unnecessary. 

Dr. Taytor: I don’t think that is a bad pro- 
vision to have. Talking about workers presenting 
themselves for bioassay studies as a condition of 
employment, I imagine the American worker is as 
rugged an individualist as the Canadian worker, 
and he regards as an unjustifiable invasion of his 
privacy having to produce a specimen of urine. In 
our most carefully controlled work where we 
thought we had the worker convinced, we found 
that we were out by a factor of two or three in 
what we thought we were collecting. We have 
given up the idea of laying this procedure down 
as a condition of employment, because if a worker 
wants to avoid it he can find ways not to cooperate. 
We have had to depend on giving reasons and 
hoping for cooperation. 

Mr. Parker: We talked about power reactors 
and about chemical processing plants. I think one 
can see that there is a sharp difference between 
these two facilities, which amounts to this: The 
power reactor is a very nice thing to operate, 
routine and straightforward, but you are concerned 
with the risk for one thing, the major accident. On 
the other side of the picture, the chemical pro- 
cessing plant is not one that is going to splatter 
itself over the landscape, but it is a dirty operation 
and requires day-to-day care. One of the men in 
the audience expressed it rather nicely: When you 
start up a reactor you have a clean birth; when 
you handle a chemical plant it aborts. This is a 
real difference in the operation. 

Mr. GALLAGHER (Liberty Mutual Insurance Com- 
pany, Boston): In regard to waste disposal, this 
presents a continuing difficult problem for industrial 
use of reactors, and I wondered, particularly in re- 
gard to Mr. Parker’s statement of using desert 
areas as a sort of a wall-less tank (pouring the 
liquid on top of the surface), whether that method 
had been approved by the Commission, whether it 
could be adopted on a general basis, whether there 
are any criteria set up for it, and particularly what 
provisions were made in regard to dust, storms 
blowing the activity around. 

Mr. Parker: We are not talking about putting 
these materials on the surface of the ground, where 
they would dry up and be disseminated as dust. We 
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are talking of perhaps only one location and in- 
jecting the material at a suitable depth, on the order 
of 20 ft., below the surface of the ground to begin 
with. To do this in a location in an occupied com- 
munity is out of the question and is not contem- 
plated by the Commision or industry. 


Mr. Gost: In regard to the problem of location 
of reactors where you have to balance proximity to 
population and so forth, Sweden has a reactor right 
in the middle of Stockholm, or very close to it. It is 
small powerwise. I don’t think the Swedes have 
been operating too long, but they haven’t had any 
very difficult problems. Do you feel that the trend 
is to place reactors closer to population centers? 

Dr. Manov: I think the trend is this way. Our 
first reactor was set up at Oak Ridge where, with 
all due respect to Tennesseeans, the area is not 
densely populated. The next reactors were set up 
at Hanford and in spare desert areas. The one near 
West Milton has a 225 ft. sphere. The next reactor, 
the Army packaged power reactor, will be at Fort 
Belvoir, not far from a fairly large center of popu- 
lation. The new boiling water reactor at Argonne 
will be set up near a large population. 

I think the trend, of course, is to have smaller 
and smaller exclusion areas. The one in Sweden, to 
which I referred, is a reactor located directly under 
about 90 ft. of solid rock, with a small passage- 
way. There you have 90 ft. of solid rock to protect 
against external radiation. You have one shaft which 
furnishes ventilation for the system and filters to 
protect against any hazardous material getting 
among the population as a whole. The problem there 
reduces itself to what do you do with the people 
in the reactor area if something lets go. This is a 
different problem from what you do about the people 
in the city of Stockholm. I hope that answers your 
question. 


Dr. BuGuer: I think that the answer is “yes,” 
that as experience has gone on, it has been possible 
to move closer to populations. 


Dr. Myers: I should like to present the point 
of view of some of us outside of the Atomic Energy 
Commission who have also read the Atomic Energy 
Act of 1954 and who interpret the part of it regard- 
ing applications of atomic energy to medicine dif- 
ferently than did some of the speakers this morning. 

I agree that interpreting the intent of the Con- 
gress in this regard certainly is the core of an 
important problem. The Act says, “The Commission 
is authorized”—authorized that is, not directed—“to 
issue general or specific licenses to applicants seek- 
ing to use by-product material [radioisotopes] for 
research or development purposes, for medical ther- 


” 


Now, the point of view of the Commission seems 
to be that this is a mandatory requirement; but the 
Act says clearly that the Commission merely is 
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authorized, and it does not say that it is required 
to issue licenses. It would appear to me to be a 
mistake on the part of the Atomic Energy Com- 
mission to attempt to promulgate such an action. 
Licensing of individual physicians by the Commis- 
sion not only is strictly redundant, since physicians 
are already licensed to use any drugs (such as 
radioisotopes are) by their respective states, but an 
attempt to do so probably will also prove to be in 
conflict as well with the Constitution of the United 
States, because according to Article X of the Bill of 
Rights the regulation and the licensing of the prac- 
titioners of medicine are a prerogative of the states 
and not of the federal government. Obviously, phy- 
sicians licensed by their respective states already 
have permission from the duly constituted authori- 
ties to use drugs such as radioisotopes are, and 
therefore, it is not illegal for them to use these 
materials in their practices, and no further licensing 
is required, is necessary, or is desirable. 


Quoting from the new Act further, “The Commis- 
sion is directed to permit the widest amount of effec- 
tive medical therapy possible with the amount of 
special nuclear material available for such purposes 
and to impose the minimum amount of regulation 
consistent with its obligations under this Act to 
promote the common defense and security and to 
protect the health and safety of the public.” I think 
that, under the contractual relationship that always 
exists between a patient and his physician, the pa- 
tient is not a member of the public at large in the 
dictionary sense of the word that I believe was 
intended by the Congress. 

I would recall for you the concluding remark the 
President of the American Medical Association 
made here yesterday morning, “Anything that will 
interfere with the contractual relationship that 
exists between the patient and his physician will 
lead ultimately to the deterioration of the quality 
of medical care.” 

We have found that, owing to what I believe to 
be erroneous interpretations of the real intent of the 
Congress by employees of the Commission, we have 
been delayed unnecessarily several times in our re- 
searches and in our developments of wider applica- 
tions of radioisotopes for the diagnosis and the 
treatment of diseases in our patients. At a meeting 
of the American Radium Society a few years ago 
we were commended by fellow members for our 
careful physical measurements and for our con- 
servatism in the making of extensive preliminary 
studies in animals when we presented the results of 
a large amount of original work we had done with 
radioactive gold ‘Y-radiation sources designed for 
placement in or near cancers as advantageous suc- 
cessors to radium or radon. It was well known to 
officials and advisers of the Isotopes Division, who 
were present at the time, that no one of the experts 
in interstitial therapy in the audience felt it ap- 
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propriate to respond to my invitation to criticize 
our proposal or to give any reason why we should 
not extend the use of these radioactive sources to 
human beings. In spite of this, it took more than 
six weeks for that federal body to decide that I 
should be “permitted” to apply this improved 
method of treating some cancers to our unfortunate 
patients afflicted with this disease. I do not think 
the Congress would ever intend, or will it ever 
write, an Act that makes it possible for such a 
third body to interpose itself between a patient and 
his physician. This “priestly relationship” has been 
declared repeatedly to be a privileged one by the 
courts, 


My plea is that those of us in the medical pro- 
fession who devise new methods of diagnosis and 
treatment of diseases in our patients with these 
new opportunities we now have through the availa- 
bility of the radioisotopes the Congress indicated 
clearly that we shall have, must be given free rein 
in deciding who among our colleagues and students 
are qualified to use them wisely and well. I submit 
that members of the medical profession are better 
qualified by training, by experience, and by licenses 
they already possess than are those of any other 
professional group within or outside of the federal 
government to decide what is in the best interests of 
their patients and “the health and safety of the 
public.” 


Dr. ArBersotp*: In discussing “The Impact of 


the Atomic Energy Industry on Community 
Health,” Dr. William G. Myers, of Ohio State 
University, questioned the A. E. C. radioisotope 
licensing requirements. Excerpts from Dr. Myer’s 
comments have been forwarded to this office. It 
appears that certain basic assumptions which Dr. 
Myers has made, as well as the conclusions based 
thereon, are subject to serious question. 

Dr. Myers has asserted that unreasonable delays 
have been encountered in the procurement and use 
of radioisotopes as a result of A. E. C. adminis- 
trative or licensing procedures. In this connection, 
Dr. Charles A. Doan, Dean of the College of Medi- 
cine at Ohio State University, states in a recent 
letter to the A. E. C. Isotopes Division : 


In only a rare isolated instance (emphasis sup- 
plied) has there been any delay in our medical 
radioisotopes program on this Campus, due to 
the administrative necessities of your Office. 
We have been particularly appreciative of the 
cordial cooperation which we have continued 
to receive. 


* This response to Dr. Myers’s statement was 
written for inclusion in the proceedings of this 
Panel Discussion by Dr. Paul C. Aebersold, Direc- 
tor, Isotopes Division, Oak Ridge Operations Office, 
U. S. Atomic Energy Commission. 
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It was further indicated by the letter that Dr. 
Myers’ expressions are his own personal views and 
do not reflect the views of the Ohio State Uni- 
versity College of Medicine. 

Dr. Myers asserts that licensing of physicians 
by a federal agency is probably in conflict with the 
United States Constitution. The A. E. C., how- 
ever, does not license physicians to practice medi- 
cine but licenses the possession and use of radio- 
active materials, subject to its authority by act of 
Congress. The competency of a physician to prac- 
tice the healing arts is not questioned by the 
A. E. C., but the A. E. C. does attempt to ascertain 
whether the physician is equipped by training, 
experience, and facilities to handle radioisotopes in 
a safe manner. 

Section 81 of the Atomic Energy Act of 1954 
provides that 


“No person may transfer or receive in interstate 
commerce, manufacture, produce, transfer, ac- 
quire, own, possess, import, or export any by- 
product material, except to the extent author- 
ized by this section or by Section 82... .” 


Section 81 then empowers the A. E. C. to issue 
licenses for the possession and use of by-product 
material and imposes on the A. E. C. the obligation 
to limit distribution of by-product material to those 
persons equipped to observe safety standards to 
protect health as may be established by the Com- 
mission. The Act, therefore, is mandatory in that 
persons are prohibited from possessing or using by- 
product material unless the A. E. C. has issued a 
license or has acted to exempt materials or uses 
from the licensing requirements of the Act. 


Before the A. E. C. could exempt physicians 
from the licensing requirements, it would be neces- 
sary to determine that such exemption would not 
constitute an unreasonable risk to the common 
defense and security and to the health and safety of 
the public. The potential hazards involved in using 
radioactive pharmaceuticals involve more than a 
physician’s patient, since improper handling or in- 
adequate protective measures could prove highly 
injurious to nurses, hospital personnel, other pa- 
tients, and the general public. In view of the present 
inadequacy of training opportunities in the medical 
use of radioisotopes, it is doubtful that physicians, 
as a class, are better trained to handle radioisotopes 
safely than other professions. Thus, a broad ex- 
emption of all physicians from licensing require- 
ments at this time would be questionable from 
the viewpoint of radiological health-safety. 


It is true in Section 104 of the Act that the 
A. E. C. is instructed to “impose the minimum 
amount of regulations consistent with its obliga- 
tions under this Act to promote the common de- 
fense and security and to protect the health and 
safety of the public.” The A. E. C. radioisotope 
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distribution program, from its inception, has been 
directed toward encouraging the widest possible 
use of radioisotopes, with a minimum of regulatory 
restrictions, consistent with the protection of the 
public health and safety. Furthermore, the language 
quoted by Dr. Myers from Section 104 pertains to 
utilization and production facilities (nuclear re- 
actors) rather than the widely distributed by-prod- 
uct materials (radioisotopes). 


The A. E. C. does not interpose itself between 
the physician and his patient. The A. E. C. is 
interested, however, in determining that any phy- 
sician wishing to use radioactive pharmaceuticals 
has received training adequate to handle radio- 
materials in a manner that will not endanger the 
public health and safety. In contrast with x-ray 
and radium experience, it is noteworthy that in 
eight years’ experience, with more than 800 medi- 
cal institutions using radioisotopes, no significant 
radiological accidents or overexposures involving 
A. E. C.-controlled radioisotopes have been re- 
ported or disclosed. 


It is significant also that an overwhelming ma- 
jority of representative groups and physicians em- 
ploying radiopharmaceuticals in leading medical 
centers have endorsed the A. E. C. control meas- 
ures in maintaining sound radiological health- 
safety standards. The consensus is that continued 
control measures are necessary in this area until 
such time as training opportunities can be improved 
and expanded. No state medical board has pro- 
vided for examination of physicians with regard to 
radioisotope handling techniques and other sub- 
jects pertinent to radiological health-safety. Fur- 
thermore, few medical schools have established any 
formal, substantive training courses in the clinical 
use of radioisotopes. 


The present procedures and policies of the A. E. 
C. in licensing the medical use of radioisotopes 
were developed on the advice of the A. E. C. 
Advisory Committee on Isotope Distribution and 
leading medical institutions. The Subcommittee on 
Human Applications of the Advisory Committee is 
comprised of eminent physicians representing vari- 
ous specialties and a leading radiophysicist. These 
democratic checks have served to keep the pro- 
gram in proper perspective. 

The excellent radiological safety record in the 
use of radioisotopes has served to promote and 
stimulate the wider use of these materials. Inade- 
quate control measures could lead to accidents, pub- 
lic apprehension, and demand for extremely strin- 
gent restrictions that could retard progress in this 
field. Some applications for licenses can be proces- 
sed promptly; others require special consideration. 
If errors have been made in our program, we trust 
that they have all been in the direction of fostering 
proper safety. 
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on Hemopoiesis and Bone Marrow Metabolism in Rats 


H. W. GERARDE, M.D., Ph.D., Linden, N. J. 


This report is part of a systematic study 
on the toxicity of the alkylbenzenes, a class 
of chemicals used extensively in industry. 
The principal uses of the alkylbenzenes are 
the following: (1) as solvents for protec- 
tive coatings, plastics, printing inks, and 
pesticides; (2) in dry cleaning and metal 
parts cleaning; (3) as starting materials for 
synthesis in the chemical industry, and (4) 
as constituents of high-octane gasoline for 
aviation and automobile use. 


The commercial alkylbenzenes are petro- 
chemicals obtained by catalytic dehydrogena- 
tion of suitable cycloparaffinic feed stocks. 
The alkybenzenes in aromatic solvents and 
gasolines consist of 


complex mixtures, 
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Toxicological on Hydrocarbons 


Il. A Comparative Study of the Effect of Benzene and Certain Mono-n-Alkylbenzenes 


TaBLe 1.—Principal Alkylbenzenes Used in Industry 


Extent of Toxicity Data and Original Literature Source 


although individual compounds are available 
as starting materials for synthesis in the 
chemical industry. Chemically, they consist 
principally of mono-, di-, tri-, and tetra- 
alkyl derivatives of benzene. The alkyl 
groups, ranging from C, to C;, may be 
straight-chain or branched. 

The principal alkylbenzenes used in in- 
dustry and the amount of toxicity informa- 
tion available in the literature are sum- 
marized in Table 1. 

Benzene is regarded as a hazardous hydro- 
carbon, principally because of its insidious 
destructive effect on the bone marrow. The 
myelotoxicity of benzene for man is gen- 
erally accepted and has been repeatedly 
demonstrated in experimental animals.** 
Although the preponderance of the evidence 
from animal experimentation with the alkyl- 
benzenes indicates that they do not possess 
the myelotoxicity of benzene, there is some 
difference of opinion among investigators.*? 
This is particularly evident in the clinical 
literature.*? 


The purpose of this study is to establish 
the relationship between chemical constitu- 


Compound 


Extent of Toxicity Information 


Original Litera fure Source 


Toluene Extensive (animal and human) 1-4 (animal), 5-8 (human) 
Ethylbenzene Limited (animal) 9-13 

Xylenes Considerable (animal and human) 1-8, 14, 15 (animal), 16-25 (human) 
Methylethylbenzenes Very limited (animal) 12 

Trimethylbenzenes Limited (animal) 3, 11, 12 

Propylbenzenes Limited (animal) 8, 11-13 

Diethylbenzenes Very limited (animal) 12 

Butylbenzenes Limited (animal) 12, 13, 27 

Methylpropylbenzenes Limited (animal) 11, 12, 28-30 

Ethylpropylbenzenes 12 


Very limited (animal) 
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tion and biological action for this large 

family of chemicals and to provide, if pos- 

sible, the answers to the following questions : 

1. Is benzene unique among aromatic hydro- 
carbons in its myelotoxic property ? 

. Is there a complete loss of this property with 
the introduction of an alkyl group? 


. Is there a gradual diminution or increase in 
myelotoxicity, depending on the number and 
kind of alkyl groups in the ring? 

. If the alkylbenzenes possess some degree of 
myelotoxicity, how does it compare with ben- 
zene? 


Since the purpose of this investigation was 
primarily to ascertain if the alkylbenzenes 
have the potential for destroying the hemo- 
poietic tissues, attention was focused on the 
susceptible “target tissues” affected by ben- 
zene—the spleen, thymus, and bone marrow. 

This report is limited to a study of the 
straight-chain monoalkylbenzenes—toluene, 
ethylbenzene, propylbenzene, and butylben- 
zene. Additional studies on normal and 
branched-chain monoalkylbenzenes, poly- 
alkylbenzenes, and commercial mixtures of 
alkylbenzenes are in progress and will be 
reported at a later date. 


EXPERIMENTAL PROCEDURE 


1. Materials Tested —(a) Benzene—“Baker Ana- 
lyzed Reagent”—B. P. 80.1 C. 

(b) Toluene—“Baker 
B. P. 110.6 C. 

(c) Ethylbenzene (Dow)—supplied by East- 
man Kodak Co.—B. P. 134-136 C. More than 
99% pure by ultraviolet spectrophotometer 
analysis. 

(d) n-Propylbenzene (Eastman Kodak)— 
B. P. 157-159 C. Prepared by reduction of 
propiophenone. More than 99% pure by mass 
spectrometer analysis. 

(e) n-Butylbenzene (Eastman Kodak)—B. P. 
181-183 C. Prepared by reduction of butyro- 
phenone. More than 99% pure by mass 
spectrometer analysis. 


Analyzed Reagent”— 


(f) Olive oil—commercial brand “C’Est Bon” 
packaged by Bonoil Packing Co., Brooklyn 

2. Methods——Six groups of 40 male Wistar rats 
weighing from 125 to 150 gm. were treated as 
follows. One group was given subcutaneous injec- 
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tions of benzene in olive oil (1:1 V/V) daily at a 
dosage of 1.0 ml. of benzene per kilogram of body 
weight for two weeks. Four additional groups of 
40 animals were treated in an identical manner 
except that they received 1.0 ml/kg. of either 
toluene, ethylbenzene, normal propylbenzene, or 
normal butylbenzene in an equal volume of olive 
oil. The sixth group, serving as a negative control, 
received olive oil. In order to promote absorption 
of the hydrocarbons, the injections were given in 
different areas under the skin each day. The 
animals were housed five in each cage and fed 
commercial pelleted food and water ad libitum. 
Ten animals were killed at weekly intervals from 
each group during the exposure period and at 
10-day intervals during the 3-week recovery period 
after administration of the test materials had been 
discontinued. Blood was taken from the tail for 
leucocyte counts and microhematocrit determina- 
tions. For nucleated cell counts and biochemical 
analysis, femoral marrow was collected by the 
quantitative procedure described previously.2* Nu- 
cleic acids were estimated by a modification of the 
Schmidt and Thannhauser procedure.*4 

The criteria used to evaluate injury from expo- 
sure to these chemicals during the course of the 
experiment were the following: 

1. Gross Observation: (a) appearance, behavior, 
and activity; (b) quantity of food and water con- 
sumed; (c) appearance of stools; (d) total body 
weight changes; (e) appearance of fur and skin, 
and (f) irritation of subcutaneous tissue at site of 
injection. 

2. Hematology: (a) peripheral blood leucocyte 
count; (b) microhematocrit, and (c) total femoral 
marrow nucleated cell count. 

3. Bone Marrow Biochemistry: (a) total femoral 
marrow ribonucleic acid (RNA) and deoxyribo- 
nucleic acid (DNA). 

4. Pathology: (a) gross and microscopic exami- 
nation of tissues and internal organs; (>) thymus 
and spleen weight; (c) examination of subcutaneous 
tissue at site of injection, and (d) gross and 
microscopic appearance of femoral marrow. 


RESULTS 

Because of the similarity in the response 
of the alkylbenzene-treated animals, the four 
groups will be discussed collectively as the 
n-alkylbenzene group and represented in the 
graphs by a composite curve. There was a 
wide variation in the response of individual 
animals in the benzene group. Some animals 
were extremely resistant and showed only 
slight evidence of systemic toxicity even 
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late in the exposure period. The animals 
treated with olive oil were normal in all 
respects. 

The following observations were made in 
the experimental groups. 

1. Gross Observations.— (a) Benzene 
Group: During the exposure period the 
animals became increasingly listless and un- 
thrifty in appearance, assumed a hunched 
posture, refused food and water, and lost 
weight (Figs. 1 and 2). A fine tremor was 
observed occasionally after the benzene in- 
jection in some of the animals. In some 
animals the nares, feet, and tail were covered 
with a reddish-brown dry crust which re- 
sembled dried blood. The skin was freely 
movable in areas previously injected with 
benzene, but some induration of subcutane- 
ous tissue could be felt. 

During the recovery period food and water 


intake increased, and the animals gained 
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Fig. 2.—Effect of benzene and n-alkylbenzenes 
on body weight. 
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Fig. 1—Gross appear- 
ance of benzene- and n- 
alkylbenzene-treated rats 
at end of exposure period. 


weight rapidly (Fig. 2). In two weeks their 
normal thrifty appearance and activity were 
completely restored. The recovery of these 
animals, many of which were moribund, was 
striking. The mortality in this particular 
group was 10%, the deaths occurring late in 
the second week of exposure. 

(b) n-Alkylbenzene Group: These ani- 
mals were essentially normal in appearance 
(Fig. 1). Their activity was diminished, 
owing to the central nervous system depres- 
sive effects of the hydrocarbons. The growth 
curve was not significantly different from 
that of the controls (Fig. 2). In general, 
the n-alkylbenzenes were more _ irritating 
than benzene, which resulted in induration 
of subcutaneous tissue at the sites of injec- 
tion and some localization of the inoculum, 
Mortality was 5%. 

2. Hematology.— (a) Benzene Group: 
The hematocrit was not affected (Fig. 3). 
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Fig. 3.—Effect of benzene and n-alkylbenzenes 
on hematocrit. 
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Fig. 4—Effect of benzene and n-alkvlbenzenes 
on leucocyte count. 


A rapid fall occurred in the number of 
leucocytes in the peripheral blood (Fig. 4). 
In some animals the total leucocyte count 
was about 10% of normal. The femoral mar- 
row nucleated cell count was also markedly 
diminished (Fig. 5). 

(b) n-Alkylbenzene Group: The hema- 
tocrit was normal (Fig. 3). The peripheral 
leucocyte count was slightly elevated during 
the exposure period but essentially normal 
during recovery (Fig. 4). The femoral mar- 
row nucleated cell count 
slightly elevated 
controls. 
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3. Bone Marrow Biochemistry.—(a) Ben- 
zene Group: The femoral marrow nucleic 
acid phosphorus decreased rapidly during 
the second week of exposure and by the 
end of the recovery period had reached 
nearly normal values. In proportion to body 
weight the benzene-treated animals had more 
femoral marrow nucleic acid phosphorus 
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Fig. 5.—Effect of benzene and n-alkylbenzenes 
on total femoral marrow nucleated cell population 
in single rat femur. 
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Fig. 6—Effect of benzene and n-alkylbenzenes 
on total femoral marrow nucleic acid in single rat 
femur. 


than the controls (Fig. 6). The ratio of 
deoxy- to ribonucleic acid (DNA/RNA) 
varied from 0.9 to 1.3 throughout the ex- 
periment. 

(b) n-Alkylbenzene Group: Total femoral 
marrow nucleic acids were slightly higher 
than the controls, especially during the ex- 
posure period (Fig. 6). This is indicative 
of a hyperplastic marrow probably resulting 
from the inflammatory response to the in- 
jected materials, 

4. Pathology—(a) Benzene Group: The 
benzene-olive oil mixture caused some irrita- 
tion of subcutaneous tissue but appeared to 
be absorbed completely several days after 
injection. Subcutaneous, omental, and peri- 
nephric fats were greatly diminished in 
quantity, and the weights of the thymus 
and spleen were less than half of normal. 
The femoral marrow was grossly diminished 
in quantity and bloody in appearance and 
consistency. Normal femoral marrow is ex- 
truded from the femoral canal as a solid 
cylindrical core. In bone marrow smears 
the ratio of nucleated cells to erythrocytes 
was far below normal. A rapid regeneration 
of spleen, thymus, and bone marrow oc- 
curred after treatment with benzene was 
discontinued. 


(b) n-Alkylbenzene Group: In general, 
the n-alkylbenzenes appeared to be some- 
what more irritating to the subcutaneous 
tissue than benzene. This caused induration 
of subcutaneous tissue, leucocytic infiltra- 
tion, and some localization of the inoculum. 
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The quantity of localized inoculum decreased 
as the interval after injection lengthened, 
indicating that absorption occurs, although 
it is probably delayed by the local inflamma- 
tion. In contrast with the benzene-treated 
animals, there was no involution of the 
thymus gland and the spleen weight was 
normal or slightly increased. All other tissues 
were normal on gross and microscopic 
examination. 


COMMENT AND CONCLUSIONS 


Under the conditions of this experiment 
the mono-n-alkylbenzenes tested do not pro- 
duce the systemic toxicity and destruction 
of hemopoietic tissues which were observed 
in the benzene-treated animals. The principal 
manifestation of systemic toxicity in the 
alkylbenzene-treated animals was diminished 
motor activity due to central nervous system 
depression. In the benzene-treated group 
fine tremors and occasionally convulsions 
were noted in some of the animals, indicating 
an irritating effect on nerve tissue. The most 
obvious evidence of systemic toxicity in the 
benzene-treated animals was loss in body 
weight, as contrasted with slight inhibition 
of weight gain in the alkylbenzene-treated 
animals. 

The criteria for injury to hemopoietic 
tissue, viz., the peripheral white blood cell 
count, total femoral marrow nucleated cell 
population, and femoral marrow nucleic acid, 
clearly show that the alkylbenzenes do not 
affect the hemopoietic system as benzene 
does. The normal hematocrit in the benzene- 
treated animals in the presence of severe 
destruction of bone marrow can be explained 
by the life span of the erythrocyte and 
hemoconcentration. Theoretically, if erythro- 
cyte production stopped with the first injec- 
tion of benzene, it would require approxi- 
majely 100 days for complete disappearance 
of mature red cells from the peripheral blood 
(hematocrit zero). In two weeks, the length 
of the exposure period in these experiments, 
the maximum theoretical decrease in hema- 
tocrit is about 14%. Since the animals de- 
velop a marked anorexia during benzene 
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treatment, some degree of hemoconcentration 
occurs. This would mask any slight actual 
decrease in hematocrit. 

The decreased caloric intake in the 
benzene-treated group cannot account for the 
effects observed, since animals deprived of 
food for two weeks do not show the hema- 
tological and biochemical changes observed 
in the benzene-treated animals. In general, 
the alkylbenzenes are more irritating to the 
subcutaneous tissue than benzene. Since they 
are less soluble in water than benzene 
(Table 2), they are absorbed more slowly 
from the subcutaneous tissue. 

The effects produced by benzene and its 
alkyl derivatives may be due to the chemicals 
themselves, to their in vivo transformation 
products, or both. The effects of benzene on 


TABLE 2.—Solubility of Benzene and Alkyl 
Derivatives in Water * 


Solubility 
in H2O 
(25 0), 

Gm./ 
100 Gm, 
0.186 
0.050 
0.0175 
0.0120 
0.0065 


Compound 
Benzene 
Toluene 
Ethylbenzene 
n-Propylbenzene 
n-Butylbenzene 


*Klevens, H. B.: Solubilization of Polycyclic Hydro- 
earbons, J. Phys. & Coiloid Chem, 54: 288, 1950. 


the central nervous system are probably due 
to the hydrocarbon molecule, whereas the 
effects on hemopoietic tissue may be due to 
benzene metabolites, the hydrocarbon, or 
both. The principal benzene metabolites are 
phenols, which are known to be protoplasmic 
poisons. Quinones, which could be formed 
from the oxidation of phenols, are potent 
mitotic inhibitors and might be responsible 
for the effect on blood-forming tissue. The 
mechanism of the myelotoxicity of benzene 
has not been elucidated, but there is some 
evidence that it may be due to one or more 
metabolites rather than to benzene itself. 
The alkylbenzenes in vivo are transformed 
almost exclusively by enzymes that oxidize 
the alkyl side-chain rather than the benzene 
ring. El Masry, Smith, and Williams ** have 
shown that the alkyl group is susceptible to 
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oxidation on the alpha, omega, or penul- 
timate carbons. The in vivo transformation 
products are carboxylic acids and alcohols 
which have a very low order of toxicity 
and are devoid of any specific inhibitory 
effect on cell production. Brodie and col- 
laborators ** and Maynert and Losin ** have 
demonstrated that the side-chains in alkyl- 
substituted barbituric acids are also oxidized 
to alcohols and carboxylic acids. This is 


additional evidence for the existence of 


enzymes that are capable of oxidizing alkyl 
groups. It thus appears that the presence 
of alkyl side-chains in the benzene ring 


alters the metabolic pathway and conse- 
quently the toxicity due to products of 
metabolism. 

SUMMARY 


Benzene administered subcutaneously to 
rats at a daily dosage of 1.0 ml. per kilogram 
of body weight for 14 days causes a loss in 
body weight, a leucopenia, involution of the 
spleen and thymus, and a decrease in femoral 
marrow nucleated cell count and nucleic 
acid. The hematocrit was not significantly 
affected. 

Rats given the same dosage of toluene, 
ethylbenzene, normal propylbenzene, and 
normal butylbenzene gained weight and had 
a normal or increased peripheral blood 
leucocyte count, thymus and spleen weight, 
femoral marrow nucleated cell count, and 
femoral marrow nucleic acid. 

The injury to hemopoietic tissues caused 
by benzene is reversible, in spite of severe 
tissue destruction, if the benzene treatment 
is discontinued. Except for differences in 
body weight as compared with the controls, 
the benzene-treated animals were normal 
three weeks after receiving the final dose 
of benzene. 


It appears that the introduction of an 
alkyl group into the aromatic ring results 
in a loss of the myelotoxicity of benzene. 
These studies suggest that benzene may be 
unique among the monocyclic aromatic 
hydrocarbons in its myelotoxic property. 
The difference in myelotoxicity between 
benzene and the alkylbenzenes may be a 
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result of the difference in metabolic pathway. 
Benzene is converted principally into phe- 
nolics and quinones, which inhibit cell pro- 
duction. The in vivo transformation products 
of the alkylbenzenes are alcohols and car- 
boxylic acids resulting from side-chain oxi- 
dation. These compounds have a low order 
of toxicity and are devoid of any specific 
effect on cell production. 


Dr. R. E. Eckardt, Director, Medical Research 
Division, Esso Research and Engineering Company, 
showed continued interest and offered encourage- 
ment during the course of this study. 
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in Lungs 


CESTMIR JECH, R.N.Dr., Prague, Czechoslovakia 


After recognition of the harmful effects of 
ionizing radiation on the living organism, 
increasing attention is being paid to health 
hazards in operations with open radium and 
mesothorium sources caused by the inhala- 
tion of air contaminated with radon or thoron. 
Far more dangerous agents, compared with 
radon, are its decay products attached to dust 
particles in the air, which are retained during 
inhalation in the lungs. The dosages delivered 
by these decay products to the lung tissue are 
by about two orders of magnitude greater 
than the dosages from an equilibrium con- 
centration of radon itself.* 
main 


There are two 
influence the internal 
radiation dose delivered to a subject staying 


factors which 


in an area with air contaminated with a cer- 
tain concentration of radon. The first of 
these factors is the equilibrium ratio of the 
short-lived decay products of radon, which 
can be calculated from the shape of the decay 
curve of these products collected on a filter 
paper.* The second factor is the extent of 
retention of decay products in the lungs. 
Their elimination need not be considered, 
because most of them decay before they can 
be eliminated. 


Retention of decay products in the respira- 
tory tract is determined mainly by particle- 
size distribution of dust to which these prod- 
ucts are under normal conditions attached. 
Usually, except perhaps in dusty atmospheres 
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* References 1 to 3. 


of mines, most of these particles are small in 
size; a large fraction of them penetrates 
through the upper respiratory paths, and 
they are effectively retained as far as in the 
deep (capillary) parts of the lungs. This 
has been demonstrated, e. g., by Cohn and 
associates * who found in experiments on rats 
that most of the decay products are retained 
in the lungs and only a small percentage in 
the nasal areas and tracheas of the animals. 
However, no quantitative information on the 
absolute amount of decay products retained 
in the lungs is given by these authors. For 
purposes of estimation of the internal radi- 
ation dose during inhalation of air contami- 
nated with radon and its daughters, a reten- 
tion of 50%-80% of radon daughters was 
used.7 ; however, there is little direct experi- 
mental evidence justifying the use of these 
values. I feund a retention of about 50% in 
preliminary experiments,’ in which the con- 
centrations of radon decay products were 
compared by sampling them from the in- 
spired and expired air. In these experiments, 
however, the rate of breathing fundamentally 
differed from that observed under normal 
physiological conditions. A retention of 50% 
is also quoted in a paper by Harley.® 


EXPERIMENTAL PROCEDURES 


New experimental data on the retention 
of decay products of radon were obtained in 
my experiments, in which concentration of 
these products in the expired air was con- 
tinuously recorded during several successive 
expirations and compared with their concen- 
tration in the inspired air. This was achieved 
by using the method of collection of decay 
products by means of a dry impactor on the 
surface of a nuclear emulsion,’ adapted for 


+ References 1 and 2. 
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continuous recording, by allowing the nuclear 
plate to move perpendicularly and rectilin- 
early with respect to the jet. Decay prod- 
ucts aspirated with the air by the impactor 
during the time of motion of the plate were 
deposited along a line on the surface of the 
emulsion. The density of alpha tracks regis- 
tered along this deposit could be measured 
photometrically, or individual tracks counted 
microscopically. 

The impactor used in these experiments 
had a circular jet 0.2 mm. in diameter and a 
sampling rate of 370 ml. of air per minute. 
Continuous suction was provided by means of 
a vacuum pump. A device for slow rectilin- 


The active air for these experiments was 
prepared by sucking lye of radon in an 
evacuated vessel (volume, 10 liters) and fill- 
ing it up to normal pressure with unfiltered 
air from the laboratory, so that its dust con- 
tent was similar to that encountered in most 
practical cases. Before each experiment suf- 
ficient time was allowed to build up equilib- 
rium amounts of radon daughters and have 
them attach themselves to the dust particles 
in the air in the vessel. The air in the vessel 
was saturated with water vapor by adding 
several milliliters of water, and the vessel 
was maintained at a temperature of 37 C two 
hours before and during each experiment. 


Fig. 1—Experimental arrangement used for registration of the decay products of radon in 


expired air. 


ear motion of the nuclear plate, together 
with the experimental arrangement used for 
the inhalation and exhalation of air contain- 
ing decay products of radon, is shown sche- 
matically in Fig. 1. A strip of a nuclear plate 
N (Agfa K 2 plates were used) is held with 
two springs on a movable carriage plate P, 
from the bottom of which a small pin intrudes 
in a spiral slit of another plate S. This circu- 
lar plate S is connected by means of an axis 
with the drum D on the outside of the closed 
shell of the impactor. By slowly rotating this 
drum by means of a geared motor M, the pin 
slides along the slit, and the carriage plate 
with the nuclear plate performs a rectilinear 
motion. 
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This was done in order to avoid differences 
in the impactor efficiency for samples from 
the vessel and from the exhaled air. Under 
these conditions the impactor efficiency in 
collecting radon decay products was deter- 
mined by comparing the activity collected 
during control experiments in the impactor 
with the activity transmitted through the 
impactor and collected in an ultrafilter mem- 
brane placed behind the impactor. The effi- 
ciency was about 80%. 

The air was inhaled from the vessel through 
the nose by means of a Y-shaped glass tube, 
intruding tightly, with its ends (protected 
with rubber) in both nose openings (Fig. 1). 
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Fig. 2.—Low-power (x 40) photomicrographs of typical records of the concentration change 
of radon decay products during a breath cycle with normal (a) and deep (b) exhalation. The 


beginning of each exhalation is denoted by B. 


The air was expired orally and led through 
the exhalation tube E to a T-shaped brass 
tube, the short vertical branch of which con- 
ducted a part of the expired air directly to 
the jet. Throughout each inhalation the end 
of the tube FE was closed in the mouth with 
the tongue. 


A number of experiments were carried out 
on a single person (myself) with the use of 
two ways of exhalation—the normal one and 
the “deep” one, in which normal inspirations 
were followed by maximal expirations. Be- 
fore each inhalation experiment the concen- 
tration of decay products in the vessel was 


determined by making a record with the 
impactor connected directly to the vessel. 
Thereafter the nuclear plate was displaced 
laterally on the carriage plate by 2 mm., and 
the concentration of these products in the 
expired air recorded parallel with the first 
record. Each record had a length of 15 mm. 
on which (with the use of a speed of motion 
of the emulsion at 1 mm/sec.) five normal 
or three deep breathing cycles could be re- 
corded. The emulsion was developed after 
full decay of the short-lived radon products. 
With the concentration of radon used, the 
records showed such a density of the alpha 
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Fig. 3—Photometrically evaluated density of the record of three breath cycles with normal 
exhalation. B and E refer to the beginning and the end of each exhalation, respectively. A is 
the density of the record of the radon decay products from the vessel. 
477 


3 
b 
B 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 
ao T T T T T T T T 
A 
| 
=— 
0,12+ ° d 
° 
° 
0,08 F 
0,04} 
iB \ E 
0 1 2 3 4 be 6 7? & mm 


Fig. 4.—Density along a typical record of a single deep exhalation. 


tracks that a weak blackening could be ob- 
served visually and was susceptible to photo- 
metrical measurements. 


Records of the concentration of the decay 
products in the air aspirated directly from 
the vessel appeared as a line of homogenous 
density. Records of the concentration in the 
expired air were lines with periodically de- 
creasing density. The density is greatest at 
the beginning of each exhalation and then de- 
creases progressively to a minimum at the 
end of the exhalation and during the time of 
the next inhalation. (During the inhalation 
the end of the tube E is closed, and the im- 
pactor aspirates the air from the tubes 7 and 
E.) Figure 2 shows photomicrographs of 
records obtained during a normal (a) and a 
deep (b) exhalation. The density of the 
records was evaluated with a Zeiss photom- 
eter, and areas with very small track den- 
sity were also controlled microscopically. Fig- 
ure 3 shows the density along a part of a 
typical record (3 normal breath cycles). A 
similar plot of one deep breath cycle is shown 
in Figure 4. The full line (4) in the upper 
part of each graph denotes the density of the 
record obtained by sampling the air directly 
from the vessel, i. e., of the concentration of 
the decay products in the inspired air. 
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RESULTS 


All my records, evaluated in the manner 
stated above, show that there is a large vari- 
ation in the concentration of the decay prod- 
ucts in the expired air during a single expira- 
tion. At the beginning of each expiration, 
when the air is expired from the upper re- 
spiratory tract, the concentration is high 
(60%-90% of the concentration inhaled), 
which means that only a small fraction of 
these products is there retained. The con- 
centration of these products is much smaller 
in the air which has reached the deeper parts 
of lungs and which is exhaled toward the 
end of each expiration. At the end of normal 
expirations it was of the order of 30% of the 
inhaled concentration; during the deep ex- 
halations the concentration dropped practi- 
cally to zero and was, of course, very low for 
a considerable part of the expiration. This 
means that the capillary parts of the lungs 
are effective in retaining decay products from 
the inhaled air. The mean retention was esti- 
mated to be 50% for normal breathing and 
to be about 70% for deep exhalation breath- 
ing. 

These results refer, however, to that frac- 
tion (80%) of the decay products which is 
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retainable by the impactor. The decay prod- 
ucts not retained by the impactor are attached 
to the submicroscopical dust particles, for 
which the retention efficiency is rather small. 
A considerable fraction of these products at- 
tached to the submicroscopical particles also 
escapes retention in the lungs. 

The method described above seems to be 
applicable also for retention studies with 
other types of aerosols labeled with radio- 
active isotopes. 

SUMMARY 


A method has been developed for a con- 
tinuous registration of radon decay products 
(or other radioactive aerosols) in the exhaled 
air. By this method it has been established 
that, after inhalation of air containing decay 
products of radon, the concentration of these 
products in the expired air varies largely 
during the course of an exhalation, dropping 
from a relatively high initial value to about 
30% of the inhaled concentration at the end 
of each normal exhalation and practically to 


zero during a deep exhalation. This is ex- 
plained by the large retention efficiency of the 
deep (capillary) parts of the lungs. 
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Uticaria Following Exposure fo 


GEORGE E. MORRIS, M.D., Boston 


Any dermatological reaction that is seen 
following exposure to simple chemical sub- 
stances is worthy of notation. Pirila* in 
1954 reported a case of urticaria following 
exposure to sulfur dioxide fumes. This was 
abstracted in “The Year Book of Derma- 
tology” * and the editors made the comment, 
“It appears entirely possible that substances 
floating about in the polluted air of cities 
such as New York and Los Angeles may 
well play a role in rare cases of contact 
dermatitis or urticaria.” 


Interest in the above case leads me to 
report the following two cases from my files, 
which have to do with two workers who 
suffered hives on six different exposures 
to the fumes of ammonia, a simple non- 
organic chemical. 


Case 1—A 28-year-old white man, when first 
seen on June 16, 1955, stated that in the course of 
his employment he had recently been transferred to 
a plant where he was exposed to ammonium hy- 
droxide (strong ammonia water). One afternoon, 
six or eight weeks prior to his visit, according to 
the patient, he had undefgone a long exposure of 
12 or 14 hours to the ammonia water and after- 
ward started to break out with what he termed 
“whelks.” He was told by his physician to stay out 
of work and was given epinephrine (Adrenalin) by 
injection. His condition then improved, and he had 
no recurrence until about five weeks later when he 
returned to the plant; after one hour of exposure 
he again developed hives. 


Received for publication Oct. 28, 1955. 
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The industrial physician at the plant gave him 
cortisone and requested consultation with a derma- 
tologist who said he had hives but that they were 
not due to exposure to ammonia fumes as “that 
would be impossible.” 

Thereafter the patient returned to the plant a 
third time, working over the ammonium bath, and 
within one hour he again broke out with “whelks.” 
He was then referred to me, and although his con- 
dition had cleared somewhat, when I saw him he 
still had three or four pink spots, one on the !eft 
wrist and one on each thigh. 

My diagnosis, based on his story, was urticaria 
following exposure to ammonia fumes at work. My 
opinion was strengthened by Case 2, seen by me at 
the same time. 

Case 2.—A 31-year-old white man was also seen 
on June 16, 1955, and stated that he worked for the 
same company as Case 1 and was employed in the 
same plant. Following a return trip via automobile 
from that plant in the company of the latter, he 
stated that he had broken out two days after the 
first patient did with similar “whelks.” He stayed 
out of work, and his condition improved. It recurred 
shortly after his return to work and also on another 
occasion when he and two other workers made an 
automobile trip to the plant, at which time he did 
not enter the plant but broke out while riding home 
with the men who had been exposed to the am- 
monia fumes. 

On examination, this patient was found to have 
multiple urticarial lesions on his trunk, arms, face, 
and neck. His condition was also diagnosed as urti- 
caria following exposure to ammonia fumes at work. 


520 Commonwealth Ave. 
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Al Impactor sith Moving 


K. R. MAY, Porton, Wiltshire, England 


The cascade impactor in the form described 
in the original paper ' was designed to take 
as accurate a sample as possible from brief 
puffs of droplet aerosols in natural winds in 
the field. Apart from the particle-size-frac- 
tionating properties of the four-impaction- 
stage design, the original sampling problem 
dictated that (a) the sampling flow should 
be fairly high and continuous to ensure an 
adequate sample from the transient cloud, 
(>) the inlet orifice should give minimal 
aerodynamic interference to the ingoing par- 
ticles, (c)the instrument should be as light 
as possible so that the fitted wind vane should 
rapidly respond to changes in wind direction, 
and (d) changing the slides should be a 
quick and simple operation, as a considerable 
number of impactors were usually employed 
in each experiment. 

Although designed only to the above re- 
quirements, the original form of instrument 
has since been widely used for every kind 
of air-borne material in a great variety of 
conditions. Some workers have extended the 
small-particle end of the range of the im- 
pactor by using a finer series of jets* or 
extra stages * or have backed the instrument 
with a filter. Different geometrical layouts 
have also been evolved.‘ 

These modifications do not affect a funda- 
mental limitation of the instrument, which is 
that, with dry particles, only a strictly limited 


Recorded for publication Nov. 9, 1955. 
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* References 3 and 4. 
+ References 5 and 6. 


quantity of material can be deposited on any 
one stage without seriously affecting the per- 
formance of the instrument or the utility of 
the sample. This is because the adhesive 
coating of the slides, essentially used for dry 
particles, becomes overloaded as soon as 
sufficient particles strike the narrow impac- 
tion area to give them an appreciable 
chance of striking others already impacted. 
Particles then tend to bounce off instead of 
being retained by the adhesive. This spoils 
the size-grading characteristics of the instru- 
ment, because the escaping particles are car- 
ried on to the next or later stages, or are lost 
on the walls, or appear on areas of the slide 
remote from the impaction area proper. 

It is difficult to define “overloading” in any 
precise way. The magnitude of the bouncing- 
off effects must be greatly influenced by the 
nature of the particles themselves and their 
ability or otherwise to adhere to each other. 
An approach to this general problem has been 
made by Jordan * who considered the effects 
of cross wind and van der Waals’ forces on 
solid spheres impacted on plane glass. He 
found, for example, that 50% of 6.5 spheres 
would be blown off by the air jet in Stage 4 
of the cascade impactor. He rightly stresses, 
however, that his work cannot be applied 
even in order of magnitude to large irregular 
particles which may make contact at only a 
few points. In practice with the cascade 
impactor one can usually check whether parti- 
cies are being retained on the adhesive sur- 


face by seeing whether any oversize particles 
can be found at the next stage. The larger 
particles at any stage are the most likely to 
bounce off or be blown off, and the absence 
of oversize particles at any stage indicates 
that retention of all particles at the previous 
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stage is good. This criterion cannot be ap- 
plied to particles which are flocculent or of 
extreme shape, where the effective density 
is unknown. The impactor, of course, always 
selects the particles according to their effec- 
tive or “aerodynamic” diameter. This is 
usually the most important parameter, as it 
determines, for example, the site of deposi- 
tion of particles in the respiratory system. 
Obviously then, if we are using the cascade 
system to estimate the inhalation hazard of a 
cloud of particles of doubtful effective den- 
sity, we must be particularly careful to ob- 
tain a sparse deposit on the slides, as in this 
case we have no means of checking whether 
overloading and particle “slip” have taken 
place. A suitably sparse deposit is usually 
seen by the naked eye as a faint line on the 
slide. A clearly visible line is almost cer- 
tainly overloaded. 

When particle-size distributions are ob- 
tained by a bulk-estimation method on each 
stage, a heavy deposit is usually wanted in 
order to increase the accuracy of the estima- 
tion or sometimes to make the estimation 
possible at all. Unfortunately the overload- 
ing effect with dry particles can take place 
very quickly and is almost certainly the real 
cause of criticism to the effect that internal 
losses in the impactor are high and that the 
size grading with dry particles is unreliable. 
Unlike dry particles, droplets are, of course, 
always retained by the untreated glass slide 
on which they impact. With droplet samples, 
therefore, an extremely heavy and completely 
coalesced sample may be taken with the 
original form of impactor for bulk estimation 
without any effect on the size selection. For 
counting and sizing purposes, on the other 
hand, a sparse droplet deposit is always es- 
sential, to avoid overlap and coalescence. 
Counting errors due to particle overlap have 
been considered by Armitage.* 

In dense clouds the high sampling rate of 
the impactor makes a sparse deposit difficult 
to obtain. If only a few hundred cubic centi- 
meters of air contain enough particles to 
overload the plates, the sampling period be- 
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comes unmanageably short, and errors due 
to the dead-space volume of the instrument 
become appreciable. Since we cannot reduce 
the sampling rate without entirely altering 
the characteristics of the instrument, the only 
way of obtaining a low-particle-density sam- 
ple from dense clouds is to traverse the 
sampling slide across the jet at a suitable 
speed. This system also enables changes in 
cloud concentration with time to be followed 
or, by sampling intermittently, enables sev- 
eral separated samples to be obtained on the 
same set of slides. A single-stage impactor 
with moving slide for sampling wind-borne 
spores has been described by Hirst.® 


DESIGN AND CONSTRUCTION OF MOVING-SLIDE 
INSTRUMENT 


When it was decided to design a moving- 
slide impactor, much thought was given to 
the geometrical layout of the proposed in- 
strument. There was obviously no very 
neat way of moving four slides in different 
planes simultaneously, so experiments were 
done with an instrument in which the air 
jets impinged successively on the rims of 
drums arranged one behind the other. Con- 
sideration was also given to the use of rota- 
ting disks as impingement surfaces and to 
various other arrangements, e. g., with all 
slides in one plane. It soon appeared from 
the experiments that the layout of the origi- 
nal instrument is the only feasible one when 
it is required to obtain good fractionation of 
particles larger than 5y-10u, without high 
internal losses. The reason for this is that, 
in the original layout, stages where coarse 
particles remain in the cloud have the jet 
chamfered to force the air stream straight to 
the next jet, which is reached without any 
further change in direction after the impinge- 
ment. All other practical layouts which could 
be envisaged necessitated 90° or, more fre- 
quently, 180° turns to the particle-laden air 
stream between successive impactions. With 
coarse particles in the cloud, this proved to 
give an inevitable loss of a seriously high 
proportion, as particles are thrown out onto 
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the internal walls of the instrument at the 
bends by inertial forces. It has not been 
possible to envisage a design embodying a 
turn between successive impactions where 
this loss would not take place. 


The original geometrical layout was there- 
fore retained, and each slide was mounted 
on a rack and pinion-driven carriage. It 
would be possible to have rotating drums in 
place of the slides and carriages, but the 
arrangement would be clumsy, with too much 
dead space. An important point in favor of 
plane glass slides is that they present the 
sample in the most convenient way for han- 
dling and examination. On the other hand, 
round a drum one can wrap a length of 
transparent adhesive tape with the sticky 
side up and so obtain a very long sampling 
surface. 

The layout of the final design is shown in Figure 
1, while Figure 2 is an isometric sketch of one of 
the carriage units. All four units are identical 
except that the one in the first stage allows 2 in. of 
travel and holds a standard 3 in. microscope slide, 
while the others give 1 in. of travel to half a micro- 


Fig. 1—Sectional elevation of moving-slide im- 
pactor. 


SLIDES 


Fig. 2.—Isoinetric sketch of carriage unit. 


scope slide. A is the top plate upon which the glass 
slide (not shown) is held by the guides B and the 
leaf spring C. The near end of the top plate is 
recessed, so that the slide can be grasped between 
finger and thumb. In the sketch, part of the top 
plate and spring are shown cut away to reveal the 
rack D and the two guide rods E. These rods are 
secured to the end-plates F by small screws and are 
an easy sliding fit through the % in. square-section 
block G. The pinion shaft H emerges through a 
stuffing box, the nut of which is shown. Owing to 
the negligible pressure drop in the first stage, no 
stuffing box is needed there. The pinions may be 
withdrawn from the opposite end of the block 
through a screwed hole. A blanking-off nut in this 
hole also forms a locator for the pinion shaft. Play 
between rack and pinion gives an irregular drive 
and should therefore be avoided as far as possible 
by the use of accurately meshing components. 

To assemble a complete stage, the block G is first 
soft-soldered into a slot cut in the cylindrical body. 
The complete carriage unit is then assembled inside 
the body and a glass slide mounted. The jet, care- 
fully lined up with a suitable jig and with the 
appropriate distance piece on top of the slide, is then 
soft-soldered in place. A highly accurate finish to 
the nozzle of the jet is, of course, essential for 
correct functioning of the instrument. 

In the instrument shown in Figure 1, jet dimen- 
sions are the same as those in the instrument made 
by C. F. Casella & Co., Ltd., London, and each 
stage is a separate unit, as shown in the photograph 
of Figure 3. This is to facilitate cleaning and to 
enable the number of stages used to be varied. Air- 
tight seals are made by rubber bands at the joints 
when the stages are assembled. Reference to Figure 
1 shows that Jet 2 is now made with its sides 
coming close to the slide, as is done for Jet 1. This 
is to prevent sideway spread of the air jet, with 
consequent loss of particles on the adjacent internal 
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wall of the tube. The rubber end-caps should have 
a large seating area, as indicated in Figure 1. Those 
shown in Figure 4 are too short. 

Figure 4, a photograph of a completely assembled 
instrument, shows the method of driving the slides 
simultaneously by sprocket wheels and chain. The 
sprocket wheel on the first stage has half the 
number of teeth of those on the other stages, so that 
the first slide moves at twice the rate and twice 
the distance of the others. This is to compensate to 
some extent for the large size of the first jet, as the 
error in assigning a time of impact to any particle 
on the slide extends over the time the slide takes to 
traverse the width of the jet, or, in fact, rather 
longer than this, as the impact area spreads a little 
beyond the jet boundaries. This is not very serious 
for Stages 3 and 4 where the width is small, but for 
Stage 1 the width is about 6.5 mm. and the time- 
location of a particle can only be improved by 
increasing the slide velocity. Also the 2 in. of travel 
of Slide 1 permits up to six separate samples to be 
deposited on the slide when intermittent movement 
is used, 

The arrangement shown in Figure 4 incorporates 
a small “Synclock” electric motor with 1 rpm out- 
put and forms a compact unit, very suitable for 
remote control. It is necessary to keep the chain 
taut to give a smooth uniform drive to each slide, 
and there is an adjustment in the motor position 
for this purpose. Many other forms of drive to the 
chain can be imagined. Variable speed would often 
be a useful feature. Reciprocating motion might also 
be useful to integrate a cloud sample over a period. 
In the model shown in Figure 4, the driving 
sprocket wheel is spring-loaded to a clutch device on 
the driving shaft. Pulling the wheel forward a 


Fig. 3.—The four separate stages of the impactor. 
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Fig. 4—Complete moving-slide impactor. 


short distance on the driving shaft frees the wheel, 
so that it may be turned manually to reset the slides 
for reloading. 


PERFORMANCE AND USE OF INSTRUMENT 


Provided always that the rate of slide 
travel suits the density of cloud sampled and 


that an efficient adhesive coating is applied 


to the slides, the performance of this instru- 
ment is very satisfactory in respect of size 
separation and freedom from internal loss. 
“Slip” of particles beyond their proper stage 
is notably absent, so that the efficiency of 
each stage may be calculated from a knowl- 
edge of the relevant jet and particle param- 
eters,t with as much confidence for solid 
particulates as for droplets. As all jet dimen- 
sions and clearances are the same as in the 
Casella impactor, the present instrument has 
identical stage characteristics. The perform- 
ance of impacting jets has been adequately 
discussed in the references just cited. 

An account of the use of the original model 
of moving-slide impactor has already been 


t References 1, 3, 5, and 10. 


Ok 
— 
i 
| 
| | 
484 
= 


CASCADE IMPACTOR WITH MOVING 
given by Davies, Aylward, and Leacey."! 
Their paper clearly demonstrates the effect 
of the adhesive (glycerin jelly was the best 
with coal dust) and emphasizes the impor- 
tance of not overloading the slides. They 
criticized the model they used on account of 
the difficulty of changing slides, but this fault 
has been eliminated in the present design. 

The question of the best adhesive to use 
in any particular case is one which must be 
decided by the user himself, having regard 
to the nature of the particle to be sampled. 
The essential requirements for the adhesive 
layer when microscope examination is to be 
done are that it should differ in refractive 
index from the particles and be of good opti- 
cal quality. Refraction effects due to the film 
creeping up the sides of the particles will 
sometimes be troublesome. The use of a 
diffuse-light source may then be effective, 
but a perfect mounting to the particles can 
be obtained by carefully placing on the 
sample a portion of coverslip on the under- 
side of which is a small drop of a suitable 
oily liquid in which the adhesive is prefer- 
ably insoluble. This procedure when care- 
fully done will be observed not to disturb 
the adhering particles, which are then suit- 
ably mounted for the highest microscope 
power. Phase contrast is invaluable for some 
particles mounted in this way. 

For some work it is more convenient to 
use only one or two stages of the instrument, 
particularly where only a fairly narrow range 
of particle size is of interest, and where mi- 
croscope counting has to be done. For 
example, natural water fogs and clouds are 
effectively sampled (at low or zero wind 
speeds) by Stage 3 only, using a fairly high 
rate of slide traverse and with the slide 
coated with a grease or dye film, as described 
in the original paper.’ 

Working drawings of the components sec- 
tioned in Figure 1 are available. 


SUMMARY 


A cascade impactor is described in which 
the four sampling slides are mechanically 


SLIDES 


traversed across the air jets simultaneously. 
This enables difficulties arising from over- 
loading of the slides with particles to be 
overcome so that size grading of solid parti- 
cles 1s more reliable. The system also en- 
ables changes in concentration and size dis- 
tribution of aerosols with time to be observed. 
Alternatively up to six separate samples can 
be obtained on the same set of slides by 
remote control. 


APPENDIX 
PARTICLE INTAKE EFFICIENCY 


The references cited in this paper deal in 
a comprehensive way with the performance 
of various types of impactor jets and with 
One 
important feature of the original impactor,’ 


methods of estimating the samples. 


however, is its ability to sample large air- 
borne particles more efficiently or conven- 
iently than other instruments, and this aspect 
has not received any experimental study until 
recently. Only very rough indications of the 
large-particle intake efficiency could be given 
in the original paper, as no means existed 
at that time for producing the necessary 
clouds of uniform-sized aerosols of particles 
of greater than 10. Very nearly uniform 
particle clouds can now be produced by the 
spinning-disk type of spray.’* These have 
been used to study the particle intake effi- 
ciency of the impactor, and the results may 
conveniently be presented here. 

The work was done with the Casella im- 
pactor and is also applicable to the instru- 
ment described in the present paper, which 
is of identical external design in the region 
of the intake orifice except that the body is 
of slightly greater diameter. The results 
could not be applied to impactors with other 
forms of intake orifice. 


EXPERIMENTAL PROCEDURE 


Test clouds of droplets of dyed dibutyl phthalate 
(density, 1.05) were generated by a spinning-top 
spray '® and drawn up a short vertical wind tunnel 
contracting to an open-jet working section. The 
droplet-laden jet of air was 6 cm. in diameter and 
was surrounded by a sheath of clean air moving at 
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_ Fig. 5.—-Intake efficiency curves for the cascade 
impactor. 


the same velocity. Baffles and turbulent mixing at 
the bottom of the tunnel gave a cloud which, on 
passing through the jet, was almost free from con- 
centration or velocity gradients, with laminar flow. 
Beyond the working section the whole cloud was 
drawn through an annular impacting device, where 
the sheath of clean air ensured that no droplets 
escaped before reaching the impacting device. The 
device was washed off after each run for colori- 
metric estimation, so that the total cloud exposure 
of the sample under test was known. Impactor 
recoveries were compared with those from a thin- 
walled, knife-edged, isokinetic orifice, the impactor 
and orifice being used in alternate runs and exactly 
centered in the open jet. Estimations from both 
were made colorimetrically, the whole of the inside 
of the isokinetic orifice being washed out for com- 
parison with the recovery from the first slide of the 
impactor, after both samples were corrected to unit 
flow rate and unit cloud exposure figures. Droplets 
were too large in all tests for any penetration 
beyond the first stage. In the tests the impactor 
was run at a constant flow of 17.5 liters per minute, 
while the wind speed and droplet size were varied. 
Tests were carried out over the whole range which 
the apparatus allowed, namely, 3-14 m. p. h. and 
204-50". The results are plotted in Figure 5, each 
point being the mean of at least three comparisons. 
“Intake efficiency” is defined as the ratio of the 
cloud concentration obtained from the total mass of 
droplets on the first slide to the cloud concentration 
obtained from the mass of all droplets entering 
the ideal orifice in identical conditions. The repro- 
ducibility of the results was found to be of a high 
order for this type of work in which there are 
many possible sources of error. Maximum variation 
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in any three similar runs was usually well below 
5%, though for some reason the 20# results were 
less reliable. 


The zero wind-speed point at 40“ was obtained 
with different apparatus by allowing the spray cloud 
to settle freely in a chamber from a mixing zone at 
the top. It has frequently been stated that a sta- 
tionary aerosol cannot be sampled isokinetically. 
This is not so, for it may be done by moving the 
nozzle forward at the same speed as its air intake. 
A thin-walled, knife-edged orifice was therefore 
whirled at the appropriate steady speed through the 
cloud on the end of a very thin arm through which 
suction was applied. At six points close to the path 
of the whirling orifice, impactor orifices were set 
up. With all samplers running, the spray was run 
for a convenient time, and sampling continued until 
all the cloud had settled. No detectable persistent 
swirl was set up by the arm when tested by smoke 
puffs. The six samples were pooled and compared 
with the orifice recovery. The plotted point is the 
mean of 10 replicate experiments (coefficient of 
variation, 2.9%). 


RESULTS AND COMMENT 


The curves of Figure 5 are of the shape 
that would be expected for the general case 
of a sampling nozzle, but there are minor 
anomalies. Thus, at 3 m. p. h. one would 
expect the sampling to get worse as the parti- 
cle size increases. This is so up to 40p, but 
the 50, point is better than the 30p point. 
Again, the 20n curve does not have quite the 
same family shape as the others. The plotted 
points which appeared doubtful were care- 
fully rechecked and were reproduced to bet- 
ter than +2.5% (except for the 20p curve). 

It will be noted that the curves virtually 
pass through one point which is close to 
the intake velocity of the impactor orifice 
at 17.5 liters per minute (5 m. p. h.), that is 
to say, near to the “isokinetic” speed of the 
impactor. Strictly the term “isokinetic sam- 
pling” (coined by H. A. Druett to describe 
the sampling given by the “ideal” type of 
orifice as used in the present work) cannot 
be applied to the impactor, as at no speed are 
the streamlines of flow into the orifice undevi- 
ated because of the obstruction of the body 
behind the orifice. Therefore, while a sam- 
ple close to 100% of the theoretical may 
enter the impactor orifice at its “isokinetic” 
speed, a considerable proportion of the parti- 
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cles are lost on the walls of the orifice, leav- 
ing about 80% which actually strike the 
slides. By washing off the dyed droplets 
from the inside of the orifice, the orifice loss 
may be evaluated. At 40p the following 
figures were so obtained (the plotted points 
of Figure 5 appear in the last column) : 

Total 
Entrance 


Speed, Efficiency, Recovery, Recovery, 
M. P.H. Per Cent Per Cent Per Cent 


5 9 11.5 78.5 
8 128 32 96 
ll 160 40 120 


Wind Orifice Slide 


Orifice losses diminish to 
wind speed. 


nothing at zero 


In the original paper' it was observed 
that, with the impactor sampling at 17.5 liters 
per minute in a wind tunnel, 
streamlines of flow into the orifice appeared 
to give the best sampling conditions when 
the wind speed was 8 m. p. h. The latter 
figure also represented the average field 
working conditions for which the instrument 
was intended. It is interesting to note that 
the present results confirm that observation. 


visual-flow 


The high intake efficiency at zero wind 
speed where the particles are settling freely 
into the sampling zone was anticipated by 
Davies and Walton.* The present experi- 
ments showed that the orientation of the 
orifice in still air has some effect on the re- 
covery. Thus, with the orifice facing upward 
and fitted with the “still-air adaptor” (a bell- 
mouth fairing recommended for sampling in 
still air'), intake efficiency at 40, as meas- 
ured by washing off Slide 1, was raised to 
94% (mean of 10 replicate experiments). 
This was the highest efficiency found for any 
position. The figure of 85% plotted in Fig- 
ure 3 was obtained with the impactor in its 
normal vertical position, with the orifice 
sampling horizontally. It is confirmed, there- 
fore, that in still air it is best to place the 
instrument “on its back” and fit the adaptor. 
One can then be sure that the intake effici- 
ency is very close to 100% for particles 
smaller than 40p. It is probably equally good 
for particles larger than 40p. 

The general conclusions from this work 
are as follows. The impactor slide recovery 


is good for particles smaller than 20» in 
winds up to 14 m. p. h. Above 8-10 m. p. h. 
errors increase rapidly with the droplet size 
and wind speed, the impactor giving too high 
a sample. The efficiency of sampling is 
lowest in the 3 m. p. h. region, while it is 
close to 100% in the 8-10 m. p. h. region 
and at zero wind speed. These conclusions 
apply to the experimental range investigated. 
Particles >50y begin to approximate to the 
“very large particles” of Watson,'® for which 
the intake efficiency is given by the ratio of 
the wind speed to the sampling speed for an 
ideal orifice. The measured sampling effi- 
ciency of the impactor slide will, of course, 
be lower than this ratio because of the orifice 
loss. 

The above conclusions could not strictly 
be applied to samples taken in air streams 
of considerable turbulence or where there is 
appreciable yaw. In such cases one would 
expect some increase in the orifice losses. 
It is possible that some kinds of particles 
might have little tendency to adhere to the 
metal walls and so could give lower orifice 
losses. 

APPENDIX SUMMARY 

Data are presented for the particle intake 
efficiency of the standard form of impactor 
orifice. It is shown that there is no serious 
error in sampling particles smaller than 20 
in winds below 14 m. p. h., but large errors 
are possible with larger particles. At the 
standard suction rate of 17.5 liters per min- 
ute, the intake efficiency is lowest in the 
3 m. p. h. region and thereafter increases 
with the wind speed. The impactor gives its 
best performance when facing upward in 
calm air or when facing into winds of 8-10 
m. p. h. 
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News and Comment 


ANNOUNCEMENTS 


Audiology for Industry.—Colby College, Waterville, Me., presents the Fourth Annual 
Course in Industrial Deafness, Aug. 5-11, inclusive. Objective of the course will be to train 
personnel in initiating and in conducting hearing conservation programs in noisy industries. 
Seven full-time instructors have been selected from authorities in this field. Class is limited to 
the neighborhood of 20 participants. 

Registrants will live on the college campus, and the tuition fee of $200.00 includes board and 
room, Applications should be made to Mr. William A. Macomber, Division of Adult Education 
and Extension, Colby College, Waterville, Me. 

FREDERICK THAYER Hitt, M.D., Director. 
Josern SatacorF, M.D., Associate Director. 


D. O. SHIELS, M.D., B.S., D.Sc., Ph.D., F.R.I.C., 
F.R.A.C.1. 

D. L. G. THOMAS, M.B., B.S. 

and 

E. KEARLEY, B.Sc., Melbourne, Victoria, Australia 


Edathamil tetrasodium (tetrasodium eth- 
ylenediamine-tetraacetate ) is known under 
the trade name of Versene. Its sodium salts 
have the property of forming with calcium 
or with lead and certain other heavy metal 
elements compounds( the so-called chelates ) 
in which the ionic activity of these elements 
is very small. 

Sodium edathamil will remove calcium 
from body fluids and tissues and may there- 
fore cause harmful effects, but edathamil 
calcium-disodium has no such action. 

From edathamil calcium-disodium the cal- 
cium is displaced by the element lead. The 
resulting compound is readily soluble in 
water and body fluids and has extremely low 
physiological activity so far as the lead is 
concerned. It is readily excreted by the 
kidney. 

Present indications are that edathamil 
calcium-disodium has no harmful effect on 
bodily magnesium, iron, or trace heavy 
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metals, such as cobalt, manganese, and cop- 
per, since in the complexes formed by these 
metallic elements with the naturally occurring 
compounds in the body these elements are 
more tightly bound than with edathamil 
calcium-disodium. 


PREVIOUS WORK 


There have been a number of recent papers 
on the use of this substance in cases of lead 
poisoning and on its effects on other heavy 
metals in the human body (Belknap and 
Perry,’ Bessman and associates,? Byers and 
Maloof,* conference participants,‘ Foreman 
and associates,° Hardy and associates,’ Kar- 
pinski and associates,’ Rubin and associ- 
ates,* Sidbury and associates,® Hamilton and 
Scott **). 


Whereas the very marked increase in 
urinary lead concentrations and in the 
urinary lead excretion is well established, so 
far reports on the effects on fecal lead in 
cases of absorption of inorganic lead com- 
pounds have not appeared, and the reports 
on the effects on blood lead have not been 
numerous. 


When this investigation commenced, most 
of the papers which had appeared had 
stressed the use of this substance by the 
intravenous route. 


After this present work had been almost 
completed, two other investigations on the 
oral use came to our notice. Sidbury and 
associates ® contrasted the effect of oral and 
intravenous application. They found marked 
increase in urinary lead excretion due to 
both methods. With the oral method the 
maximum excretion in the urine was not 
reached until the third or fourth day. These 
investigators found five- to ten-fold increases 
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in urinary lead excretion. No cases of 
encephalopathy treated by the oral route 
have yet been reported. Cotter '® treated 26 
subjects with lead poisoning by administer- 
ing 2 gm. per day by mouth for seven days. 
He has given results for blood chemistry 
and urinary lead concentrations for four 
typical cases. Prior to treatment these four 
patients showed 0.34, 0.11, 0.134, and 0.217 
mg. of lead per 100 cc. of blood, but only 
0.06, 0.05, 0.02, and 0.005 mg. of lead per 
liter of urine. At the end of the seven days 
of treatment three of the patients showed 
0.00 mg. of lead per liter of urine. These 
lead-in-urine values, both before treatment 
and after a week’s treatment, were so low 
in relation to the blood lead figures and the 
clinical condition of the patients that they 
raise some doubt the 
analysis. 

The reported fall of the blood lead concen- 
trations to zero at the end of a week’s treat- 
ment in three cases likewise raises doubt as 
to the method of blood analysis for lead. 

Byers and. Maloof* stated that, given 
simultaneously with lead, the compound pro- 
tects the animal from large doses, but it is 
still possible to cause lead poisoning by 
using still larger doses of lead edathamil. 
They stated that the store of lead in the 
bones of animals is only slightly reduced, 
although lead is well removed from the soft 
tissues. 

Sidbury * suggested that the increase in 
the lead content of the urine is partly due 
to increased absorption of lead from the 
intestine. 


as to method of 


It is obvious that many aspects of the 
effects of this substance still require clarifica- 
tion, and especially is further investigation 
of the value of the oral method required. 
Information as to what is the least dose 
which is adequate is also desirable. 


PRESENT INVESTIGATION 


This paper records the results obtained 
by the oral use of edathamil calcium-disodium 
in five subjects with industrial lead poison- 
ing and in one small boy. The dose for adults 
was 2 gm. twice a day for several days, fol- 
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lowed by omission for about seven days and 
by a second course similar to the first. 

Five of these cases were treated in hospital 
and were investigated in some detail. 

The paper also records the results in 14 
ambulatory subjects for whom tests were 
done prior to treatment and shortly after 
the conclusion thereof. 

METHOD 


OF INVESTIGATION 


Analysis —Urine was analyzed for lead by wet 
oxidation with nitrosylsulfuric acid and subsequent 
determination by the mixed color dithizone method. 

Owing to the low degree of ionization of the lead 
chelate, any method of analysis depending on pre- 
cipitation would be expected to be unsatisfactory. 
This was definitely proved. The modified Taylor 
method, which depends on coprecipitation with 
calcium oxalate by means of ammonium oxalate, 
gave very low concentrations of lead in the urine 
samples collected during the course of treatment. 
Similar, though not so pronounced, differences also 
have been observed during treatment with sodium 
thiosulfate (Shiels 12). Analysis of feces was car- 
ried out by a method similar to that used for urine. 

The blood lead concentrations were determined 
by the method of Cornish and Shiels.1* 

The analyses of urine for coproporphyrin were 
carried out by the method described by Shiels and 
associates.14 

Blood Examination: Stippled cell counts were 
done on films stained by Seller’s stain and (unless 
otherwise stated) examined by the light-field tech- 
nique using X 900 magnification. 


DETAILS OF PATIENTS 


The details of the values in regard to lead 
in urine and blood and coproporphyrin in 
urine (for the six cases) and lead in feces 
(for one case) are shown in the Tables of 
the Appendix.* 


Case 1.—This patient was a small boy, aged 8 
years. He had had encephalitis five years ago. His 
parents had noticed a tendency for him to fall over. 
He was pale but had no acute symptoms. He was 
found to have bilateral foot drop and was admitted 
to Children’s Hospital for treatment. The source 
of lead was undoubtedly the many articles which he 


* The Appendix (Tables 1 to 4) is not included 
in this article but has been filed with the American 
Documentation Institute Auxiliary Publications 


Project in Washington, D. C. For procedure to be 
used in ordering copies of it from the Photo- 
duplication Service of the Library of Congress, see 
footnote on page 489. 
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chewed. He was said to “chew everything.” X-ray 
of bones showed increased capacities in the epi- 
physial region of the long bones. 

A full discussion of the clinical aspects of this 
case appears in a report in the Medical Journal of 
Australia (M. J. Australia 1:662 [April 30] 1955) ; 
it is based on a paper which Dr. J. E. McCoy read 
at a meeting of the Pediatric Society of Victoria on 
Dec. 8, 1954. 

The stippled cell count of Case 1 on May 27, 
1954, was 13,780 per 1,000,000 red blood cells 
(1890 Coarse [C], 1890 Medium [M], 10,000 Fine 
[F]); on June 22, 11,230 (C 630, M 2800, F 7800) ; 
on July 15, 7570 (C 0, M 0, F 7570). 

Case 2.—This patient who worked in an accumu- 
lator factory was admitted to hospital on Aug. 16, 
1954, complaining of lassitude, pains in the limbs, 
constipation, and abdominal colic. There was no 
blue line. 


The colic had disappeared in 36 hours after treat- 
ment started. He complained of headache for a day 
or so during the treatment, but this passed off 
without special treatment. 

The patient finished the second course of treat- 
ment on Sept. 2, 1954. He stated that on the even- 
ing of Sept. 3 his right shoulder and left knee were 
swollen. He was not seen by a physician on this 
occasion but treated the swellings by rubbing in 
liniment, which seemed to clear them. 


On Sept. 6 he had some recurrence of abdominal 
pain, lasting half an hour, and again five days later. 
Since then he had had no recurrence. 

The stippled cell count of Case 2 on Aug. 16, 
1954, was 11,150 per 1,000,000 red blood cells 
(C 380, M 770, F 10,000) and on Sept. 2, 11,000 
(C0, M 0, F 11,000). 


Case 3.—This patient was a man, aged 27 years, 
who had worked as a paste mixer in an accumulator 
factory. He complained of headache, constipation 
(which was unusual), abdominal pain in the epi- 
gastric region sufficiently severe to double him up, 
vomiting for several days. He had lost an indefinite 
amount of weight and showed a suggestion of a 
blue line on the gums. He was admitted to hospital 
on Sept. 5, 1954, and the treatment commenced on 
Sept. 8. The pains wore off after the treatment 
started and in two days had ceased. 

The stippled cell count of Case 3 on Sept. 7, 
1954, was 30,630 (C 4330, M 3000, F 23,300); on 
Sept. 14, 39,030 (C 7740, M 7420, F 23,870); on 
Sept. 22, 19,430 (C 570, M 860, F 18,000), and on 
Sept. 28, 15,130 (C 510, M 770, F 13,850). 

Case 4.—This patient worked in a lead refinery. 
He was admitted to hospital with colic as the main 
symptom and showing a blue line on Aug. 28, 1954. 

He was treated with intravenous calcium gluco- 
nate and with meperidine (pethidine) hydrochloride 


Na:Ca EDTA 
for several days and magnesium sulfate orally. The 
pain was relieved by Aug. 30. 

Treatment with edathamil calcium-disodium com- 
menced on Sept. 3 and ended on Sept. 7. The patient 
was then discharged. While at home he experienced 
a second attack of pain, but he stayed at home and 
all pain slowly disappeared. 

The stippled cell count of Case 4 on Sept. 1, 
1954, was 13,250 (C 1000, M 1250, F 11,000); on 
Sept. 24, 9500 (C 0, M 0, F 9500); on Oct. 6, 1600 
(C 0, M 0, F 1600). 

Case 5.—This patient who worked in an accumu- 
lator factory had had several previous attacks of 
lead poisoning. He was admitted to hospital on 
Aug. 25, 1954, in a very nervous condition and show- 
ing signs of anxiety. He was an ex-serviceman. 

He was treated with edathamil calcium-disodium 
orally and showed rapid improvement on this treat- 
ment. Analysis of the cerebrospinal fluid for lead 
gave the following results: on Aug. 30, before 
treatment, 0.05 mg. per liter; on Aug. 31, the day 
after treatment commenced, 0.03 mg. per liter, and 
on Sept. 6, 0.045 mg. per liter. 

The stippled cell count of Case 5 on Aug. 27, 
1954, was 11,750 (C 750, M 500, F 10,500); on 
Sept. 15, 6750 (C 0, M 0, F 6750). 

Case 6.—This patient worked in an accumulator 
factory where he had been doing a lot of overtime 
work. He complained of tiredness in the limbs and 
abdominal colic. He was anemic and showed loss 
of power in both wrists; the grip was weak, and the 
extensors of the wrists also. 

He improved very markedly aiter the first day's 
treatment, a general sense of well-being replacing 
his previous tiredness and colic. 

The details are shown in the Table. 


On the second course of treatment the patient had 
one-half of the previous dosage, i. e., 2 gm. daily. 
This also produced a marked rise in urinary lead 
concentration. 


This patient was not an inpatient in hospital, and 
24-hour specimens were not obtained. The daily 
total excretion of lead was therefore not determined. 


The stippled cell count of Case 6 on Feb. 24, 
1955, was 24,860 (C 540, M 1080, F 23,240); on 
April 5, 15,390 (C 0, M 0, F 15,390); on April 19, 
6760 (C 0, M 0, F 6760), and on May 2, 8370 
(C 0, M 0, F 8370). 


Table 1 shows the details in regard to 13 
persons who were cases of lead poisoning and 
1 person who had no symptoms but was 
given a course of treatment on account of 
raised stippled cell count. One patient was 


treated in hospital. All the others were 
ambulatory cases. All were removed from 
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the lead hazard prior to treatment. In nearly 
every case, in addition to the symptoms 
mentioned, these persons complained of tired- 
ness and “heaviness” in the legs. 

These cases (with the exception of one) 
not being treated in hospital, it was not 
possible to get 24-hour specimens of urine or 
even daily samples; so the urinary lead and 
other values are for samples secured before 
and after treatment (unless otherwise 
stated). 


Effect on Urinary Lead—Oral adminis- 
tration of edathamil calcium-disodium caused 
a very marked increase in the concentration 
of lead in the urine and in the total daily 
excretion in the urine. This was a very 
early effect. In some cases the concentration 
and the total daily excretion of lead in the 
urine had both risen on the day on which 
treatment commenced (to from 5 to 35 times 
the pretreatment value for the concentration 
and from 5 to 22 times for the total excre- 
tion ). 

Table 2 shows the daily urinary lead ex- 
cretion (for six subjects suffering from lead 
poisoning) prior to and during the courses 
of treatment and in some cases for a few 
days after cessation of treatment. 

The increased concentration and the in- 
creased daily excretion both continued for 
several days after the cessation of treatment. 

During the second course of oral treatment 
there were again substantial increases in 
the urinary lead concentration and in daily 
excretion, though the increases were not 
to such high values as occurred during the 
first course. 

One patient had a third course, this time 
by intramuscular injection. 

The urinary lead concentration and the 
daily excretion both rose to very high values 
(14 mg/l. and 9 mg., respectively), much 
higher than those reached during the first 
or second courses of oral treatment. 

Figure 1 shows the results in a graphical 
form for the first course of treatment. 

The ratios of the maximum daily excre- 
tion reached to the corresponding pretreat- 
ment values were as follows: 15.5, 5, 6.6, 
21.7, 31, 35 (estimated). 
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Effect on Coproporphyrin.—The effect on 
the excretion of coproporphyrin in the urine 
varied. 

In the majority of cases there was an 
early rise in this value more or less con- 
temporaneous with the rise in urinary lead 
concentration. 


In one case no such initial rise was evident. 
The initial rise was followed by a fairly 
rapid fall. 


TREATMENT OF LEAD 


The results are summarized in Table 3, 
and those for the first course of treatment 
are represented graphically in Figure 1 by 
the dotted curves. 

Early in the treatment there was a com- 
plete change-over in the relative amounts 
of coproporyhyrin and of lead excreted. 
Whereas prior to treatment the weight of 
coproporphyrin excreted in the urine ex- 
ceeded sixfold the weight of lead excreted, 
shortly after treatment commenced the weight 
of coproporphyrin excreted daily fell to two- 
thirds of the weight of lead. 

The explanation of these facts may be that 
part at least of the lead in the blood cells 
and plasma is combined with porphyrin. In 
the red blood cells the lead porphyrin com- 
plex is in a not very soluble form and passes 
to the plasma rather slowly. Or it may be 
strongly adsorbed on the surface, or com- 
bined into the surface, and pass to the plasma 
slowly and thence be excreted. In the pres- 
ence of edathamil calcium-disodium the lead 
is removed from its combination with the 
porphyrin and combined to form the lead 
chelate. 


The lead porphyrin complex being thus 
broken up, the lead chelate is readily ex- 
creted by the kidney, and so is the porphyrin. 
Thus, the excretion of porphyrin may be 
expected to rise in the early stages of treat- 
ment. 


Since the excretion of abnormal amounts 
of porphyrin in the urine in cases of lead 
poisoning is probably due to the lead inter- 
fering with the synthesis of the porphyrin 
moieties into hemoglobin, the removal of 
the lead from the blood and tissues as the 
inactive chelate, which does away with this 
interference, would be expected to be fol- 
lowed by a fairly quick drop in the amount 
of porphyrin excreted. The new lead, coming 
from stores in bones and soft tissues being 
already, or very rapidly, combined into the 
inactive chelate, which has a much lower 
dissociation constant in regard to the lead 
ion than has the lead porphyrin complex, 
has very little tendency to combine with 
the porphyrin. 
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Thus, the ratio of lead to porphyrin shows = 
a complete inversion in value very shortly F 
after institution of treatment. 


Effect on Fecal Lead.—During the treat- 
ment there was a marked increase in fecal 
lead in persons who had been removed from 
the lead hazard for some days. 


Unfortunately, in the case of one patient 
samples only of the feces were collected, 
and not the total amounts. However, the 
concentration of lead per gram on the third 
day of treatment was much higher than our 
experience has led us to expect in the ab- 
sence of treatment. 


The effects in the case of another patient 
are shown in Figure 2. This patient was in 
hospital for five days before the treatment 
commenced, 


The values of daily excretion of lead in 
feces prior to treatment and for the three 
days after the cessation of the second course 
of treatment were 0.22, 0.08, 0.25, and 0.24 
mg., with a mean value of 0.20 mg. The 
mean value for four days during the first 
course of treatment was 2.29 mg., and for 
four days during the second course it was 
0.53 mg. 


The difficulties of assuring that the in- 
creased fecal lead excretion represents in- 
creased lead which has been removed from 
the tissues and not merely lead which has 
been lurking in the gastrointestinal tract 
because of constipation have been discussed 
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in another paper on the effects of sodium 
thiosulfate on lead excretion (Shiels and 
associates *). In the case of the second 
patient the constipation had been well over- 
come prior to the commencement of the 
treatment. 


For the same reasons which were adduced 
in that paper we have concluded that the 
increase in fecal lead which occurred during 
this treatment was really due to increased 
removal of lead from the organs and tissues 
and not merely from the lumen of the 
intestine. 


In the case of a person who is still at 
work in a lead hazard and swallowing as 
well as inhaling lead compounds, or in the 
case of a person who has not been removed 
from the hazard for sufficient time to have 
allowed the clearance of lead from the 
alimentary tract, the effect of edathamil 
calcium-disodium (especially when taken 
orally) will probably be to convert this 
lead into readily soluble and absorbable lead. 


The result would be to greatly increase 
the urinary excretion of lead but not to 
serve any useful purpose in doing so, merely 
substituting a functionally round-about route 
via the kidneys for the more direct route 
via the anus. 


In the case of a person who has been 
removed from the lead hazard for some 
days and has overcome the constipation so 
characteristic of these lead cases, the amount 
of lead which might be absorbed from the 
alimentary tract during the oral treatment 
(of the order of 0.2-0.3 mg.) is only a small 
fraction of the increased urinary lead ex- 
cretion. 


Effect on Blood Lead—The effect on 
blood lead varied. In one case there was 
a steady fall throughout the course of 
treatment. 


In others there was an initial fall followed 
by a considerable rise. During the second 
course of treatment there were in two cases 
rises followed by definite falls. 

The results are illustrated in Figure 3. 
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FIG.3 
CONCENTRATION OF LEAD IN BLOOD 


RELATIONSHIP OF CONCENTRATIONS OF LEAD 
IN BLOOD AND URINE 


In the usual case of heavy lead absorption, 
the concentration of lead in the blood is 
much higher than that in the urine. In our 
experience the former is of the order of from 
8 to 12 times the latter. Occasionally @ case 
will be met with in which the ratio is as 
low as 4 to 1. 


During oral treatment with edathamil 
calcium-disodium (and also with the intra- 
venous method so far as recorded observa- 
tions in the literature go), the increase in 
blood lead concentration which occurs at 
some stages is only a fraction of the increase 
in the urinary lead concentration. 


Thus, in the case of one patient the in- 
crease in blood lead concentration at a certain 
stage of the treatment was from 0.16 to 
0.28 mg. per 100 gm., i.e., one and three- 
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TREATMENT OF LEAD POISONING 
fourths fold, whereas the increase in urinary 
lead concentration was from 0.16 mg. per 


liter to 1.4, i. e., nearly ninefold. 


In the absence of edathamil calcium- 
disodium the lead in the blood probably 
exists in various forms, e. g., adsorbed onto 
or combined with substances in the red cell 
membrane or within the cell, combined with 
albumin or other proteins in the plasma, as 
undissociated lead salt, such as the acid 
phosphate, and as lead ions in the serum, 
and there is a set of equilibria between all 
these forms. There is considerable evidence 
that most of the lead is associated with 
the red blood cells and that there is rela- 
tively little in the serum. This accounts for 
the blood lead concentration, as a whole, 
being so much greater than the urinary lead 
concentration. 


The fractions of the lead which are as- 
sociated with the red blood cells and with 
proteins cannot diffuse through the glomeru- 
lar tufts and appear in the glomerular fil- 
trate. In the presence of edathamil calcium- 
disodium the equilibria are disturbed, lead 
being removed from the red blood cells and 
from combination with proteins and com- 
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bined in the chelate, which is a much smaller 
molecule than the molecule of lead pro- 
teinate and is able to readily pass into the 
glomerular filtrate. 

Thus, a vastly increased excretion can 
take place without any great increase in total 
lead in the blood. 

The fact that the concentration of lead 
in the urine becomes greater during this 
treatment than the over-all concentration in 
the blood may be due to actual secretion 
in the glomeruli or to resorption of water 
in the tubules or to both these factors. 

The change in the ratio of the concentra- 
tions of urinary lead to blood lead is shown 
graphically for one patient in Figure 4. 


RELATIONSHIP OF LEAD EXCRETED TO AMOUNT 
OF LEAD IN BODY 


It is of some interest to examine the 
relationship of the quantities of lead excreted 
to the quantities present in the body at the 
commencement of treatment. 

Although in the nature of things it is 
not possible to know just how much lead 
there is in the body of a living human being 
in any particular case, it is possible to make 
an approximate estimate of this amount. 

Based on the analyses of various organs 
and tissues, such as liver, brain, blood, and 
bones, which have been done in this labora- 
tory in some fatal cases of lead poisoning 
in children, and on the published figures 
given by various investigators for these and 
other organs and tissues, it has been esti- 
mated that in cases of lead poisoning, such 
as those we have investigated, the amount of 
lead in the blood, organs, muscles, etc., 
might be of the order of 70 mg. and that 
in the bones of the order of 800-1000 mg. 

During the course of treatment one pa- 
tient eliminated a total of 31.5 mg. of lead. 
This is about 5 times the amount of lead 
circulating in the blood at the commence- 
ment of treatment and about 20 times the 
amount of lead which would be likely to 
be absorbed during the course from food. 

There is no doubt then that there was 
very considerable clearing of lead from 
organs and tissues. 
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In the case of another patient, who was 
a small boy of about 60 lb. weight, the total 
weight of lead eliminated (in this case in 
the urine only, fecal determinations not 
having been done) was 62 mg. In his case 
there were no systemic acute symptoms. 
The chief abnormality was paresis-bilateral 
foot drop of slow development. It was not 
likely that there was a very high concentra- 
tion in organs and tissues. 


The estimated lead content of organs and 
soft tissues (not including bone) for a lead- 
poisoned man weighing 150 Ib. being 70 mg., 
the amount in the organs and soft tissues 
of a small boy weighing 60 lb. might reason- 
ably be expected to be about 28 mg. The 
amount got rid of in the urine alone was 
more than twice this (71 mg.). 

The amount ingested in hospital from the 
food during these courses of treatment (23 
days) would not be likely to exceed 7 mg. 
Even if we assume that all of this was ab- 
sorbed, there would still be 64 mg. actually 
removed in the urine from the body stores. 

As is shown elsewhere in this paper, the 
fecal lead excretion is also increased during 
this treatment. 


It is practically certain, therefore, in 
this case that a considerable proportion of 
the excreted lead came from the bones. 


The results of a further course of oral! 
treatment four months subsequent to the last 
treatment already quoted are suggestive also 
of removal of lead from the bones. These 
latter results are not conclusive in this 
respect, since we are not certain that the 
boy’s habit of promiscuous eating might 
not have been indulged in during the inter- 
val—at least on occasion. 


Just prior to the commencement of the 
fourth course of treatment, his urinary lead 
concentration was 0.04 mg. per liter. A 48- 
hour specimen collected during the last two 
days of this course showed 1.4 mg. per liter. 
During this course of treatment the excre- 
tion in the urine was probably of the order 
of 8 mg. 


If the first three courses of treatment 
reduced the amount of lead in the soft tis- 
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sues and organs to a low figure, as we 
believe, it is not likely that during the three 
months without treatment the stores in these 
organs and tissues would have been built 
up by means of the lead in the food ingested 
to amounts sufficient to provide the quantity 
which was actually excreted. There may, 
of course, have been considerable transfer 
of lead from the bones to the other softer 
tissues and organs and blood in the interval 
between the third and fourth courses of 
treatment. Indeed, this is almost certain to 
have taken place. Even so, the effect of 
the treatment would have been to increase 
the amount of lead removed from the bones. 


These suggestions have been based on the 
probable values for the amounts ingested, the 
amount excreted, and the likely distribution 
among bones and other organs and tissue 
and blood of the amounts retained. 


EFFECT ON CLINICAL CONDITION 


The effect on the patient’s symptoms was 
generally favorable but in most cases not 
dramatic. By the second or third day most 
patients had experienced very considerable 
improvement in their subjective symptoms, 
a feeling of general relative well-being re- 
placing the fatigue, weakness, loss of appe- 
tite, ete. 


In some cases the colic had disappeared by 
the second day, but in some the patients 
had also been treated with calcium gluconate 
and/or meperidine (pethidine) hydrochlo- 
ride, so the assessment of the efficacy of this 
substance in relieving colic has been difficult 
in our cases. 


There is no doubt in our minds that the 
improvement in condition was more rapid 
than that which would have been brought 
about by mere removal from the hazard, 
but it is not so certain that this method 
produces, in general, more rapid clinical 
improvement than the sodium citrate or the 
sodium thiosulfate methods. 


There were few untoward effects. In one 
case there was complaint of headache during 
the first day or two of treatment; in an- 
other, of lightheadedness for a day or two. 


—| 


TREATMENT OF LEAD 
These effects, which were not present prior 
to treatment, disappeared early in the treat- 
ment. 

In another case, of which we have heard 
reports but which we ourselves did not 
investigate, the patient had used lead per 
vaginum to bring about abortion and was 
in an extremely serious condition of acute 
lead poisoning. She was treated with 
edathamil calcium-disodium intravenously. 
Shortly after the commencement of the 
intravenous treatment she werit into a coma. 
In a second course of treatment the same 
thing happened. 

The patient eventually died. It was the 
opinion of the pathologist that death was 
inevitable but that the onset of the fatal 
result had been accelerated by the treatment. 


COMPARISON WITH OTHER METHODS 
OF TREATMENT 


An interesting comparison of the effects 
of sodium citrate and edathamil calcium- 
clisodium as therapeutic agents has been pos- 
sible in two cases. 

One patient was engaged in a_ battery 
works and the other in the lead casting 
section of a large printing works where 
he was exposed to a considerable hazard 
during drossing. Each of these persons be- 
came poisoned on two separate occasions, 
with an interval of 8% months and 11% 
months between their respective poisonings. 
On the first occasion of each poisoning they 
were treated with sodium citrate orally ; on 
the second occasion, with edathamil calcium- 
disodium. 

The severity of the condition of the second 
patient, as assessed according to our clinical 
judgment and the laboratory findings, was 
about the same prior to treatment on the 
two occasions. 

On the first occasion the first patient 
had been admitted to a large public hospital 
as a suspected ruptured duodenal ulcer case. 
After his condition had settled down, he 
was referred 10 days later to this Division 
as a possible lead-poisoning case. The find- 
ings were then as shown in Table on March 
15, 1954. 
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On the second occasion his condition was 
about the same as on the occasion of his 
first poisoning, but in this instance he re- 
ported to this Division direct. 

Table 4 gives the findings in these cases 
and indicates a considerably more rapid 
return to a condition in which return to 
work was justifiable after the edathamil 
calcium-disodium treatment than after the 
citrate treatment. 


The increase in the excretion of lead in 
urine is very much greater with this method 
than with the sodium citrate treatment in 
an equal period of time. 

Up to the present stage, with the excep- 
tion of the boy patient, only two courses 
of oral treatment, totaling about 10 days, 
have been given. The sodium citrate treat- 
ment has been carried on in some instances 
for several weeks, the total lead excreted 
in the urine being greater than in two 
courses of treatment with edathamil calcium- 
disodium. The patients were different. 


We propose to try the effects of smaller 
doses during a longer period of time. 


It is proposed in a future paper to discuss 
at greater length the comparative value of 
three methods of treatment, namely, the 
sodium citrate, the sodium thiosulfate, and 
the method discussed herein. 


SUMMARY 


Edathamil calcium-disodium taken orally 
in doses of 2 gm. twice a day for adults 
caused from fivefold to thirty-five-fold in- 
creases in urinary lead concentration and 
from fivefold to twenty-two-fold increases in 
urinary lead excretion. In some instances 
this occurred on the first day of treatment. 


This method of treatment caused very 
considerable increase in fecal lead excretion. 


It caused immediate falls and subsequent 
rises in blood lead concentration in some 
cases and in another case a steady fall. 


In most instances the amounts excreted 
in the urine alone greatly exceeded the 
amount circulating in the blood prior to 
treatment. 
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No serious untoward symptoms occurred 
during the course of treatment in our own 
cases. 

The clinical results were very favorable, 
amelioration of symptoms being noted early 
in the treatment. 


The method is capable of causing removal 
of lead from the bones. 


The medical superintendents of the Repatriation 
Hospital, Heidelberg, and of Prince 
Henry’s Hospital, the Footscray Hospital, and the 
Royal Children’s Hospital permitted access to pa- 
tients and to clinical notes, as did Dr. T. Lowe, 
Director of the Thomas Baker, Alice Baker, and 
Eleanor Shaw Research Institute at the Alfred 
Hospital, and Dr. H. E. Williams, Director of the 
Clinical Research Unit at the Royal Children’s 
Hospital. Clinical data were also collected by Dr. 
K. H. Dudson of the Industrial Hygiene Division, 
and Miss Harwood of this Division prepared the 
diagrams. The Riker Laboratories, of Lough- 
borough, Leicester, England, supplied free samples 
of edathamil calcium-disodium. 


General 
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Abstracts from Current Literature 


Epirep sy W. Davip SMALL 


General 


GUIDING PRINCIPLES AND PROCEDURES FOR INDUSTRIAL NuRSES, Report PREPARED BY REVISION 
ComMMITTEE FOR CouNCIL ON INDUSTRIAL HEALTH OF THE A. M. A., J. A. M. A. 159:1028- 
1033 (Nov. 5) 1955. 


The purpose of a health service in industry is to provide a program of positive health main- 
tenance for the employees. This is accomplished through the application of preventive measures 
that strive to provide a safe and healthful work environment; medical services as required for 
emergency treatment of the ill or injured; supervision of the health status of the worker through 
examination, counseling, and proper job placement; health education; observance of laws and 
health regulations, and similar services designed to maintain and improve the health and well- 
being of the worker. An effective industrial health program may require the services and skills 
of many professional workers, including the physician, nurse, industrial hygienist, sanitary engi- 
neer, safety engineer, and other specially trained persons. Working as a health team with a com- 
mon objective, these specialists are able to accomplish such positive control over the work 
environment that many employees are undoubtedly safer at work than they are off the job. The 
physician is essential to the proper conduct of an industrial health program, and to him belongs 
the responsibility for its over-all direction. The value of the industrial nurse in the fulfillment of 
the objectives of an industrial health program is attested by the phenomenal growth of this 
specialized branch of nursing. The industrial nurse serves as an assistant to the physician in the 
plant and as his representative when he is away from the plant. She occupies the strategic position 
of a closer personal relationship to the employees than many of her co-workers on the health 
team. To most of the employees she is often the only visible evidence of in-plant health and 
medical services. This is not unusual, because the vast majority of industrial nurses are engaged 
in single-nurse dispensaries, with the physician on an on-call or part-time basis. That this is a 
position of serious responsibility is unquestioned. The situation produces its own difficulties 
peculiar to industry. Special qualifications are desirable for industrial nursing. The duties and 
relationships require careful, tactful discharge of nursing functions while avoiding activities or 
acceptance of responsibilities that encroach upon the practice of medicine. Therefore, this Com- 
mittee sets forth its suggestions for (1) qualifications, functions, responsibilities, and relation- 
ships of industrial nurses and (2) standard procedures for first-aid and nursing care in industrial 
practice. 


The industrial nurse should be a graduate of an accredited school of nursing, registered and 
legally qualified to practice within the state where employed. She should be a person with good 
health, emotional stability, initiative, resourcefulness, sound judgment, and a sincere interest in 
people. It is essential that she possess thorough knowledge and skill in nursing principles and 
techniques, as well as knowledge of first aid for minor injuries and for serious emergencies. 
Experience in professional nursing in an industrial medical department, a public health agency, 
or the outpatient or emergency department of a hospital and completion of special courses 
related to industrial nursing are highly desirable. Additional attributes include some knowledge 
of workmen’s compensation laws and insurance, health and safety laws, occupational diseases, 
sanitation, counseling, educational methods, record keeping, and business practice. 

The functions of the industrial nurse will depend upon the policy of management as to the 
extent of the industrial health services and the composition and size of the professional staff. 
Where the nurse is the only person devoting full time to the health services, her functions may 
include: {1) maintaining the health service facilities, supplies, and equipment; (2) providing 
nursing care for employee illnesses and injuries, as authorized by the physician-in-charge; (3) 
assisting the physician with health maintenance examinations in such a manner as has been 
directed and approved by him; (4) participating in the health, safety, and sanitation programs ; 
(5) participating in industrial welfare activities; (6) promoting health education and engaging 
in health counseling; (7) maintaining adequate records of all services rendered (the nurse 
should not be so burdened with clerical duties that they interfere with the proper performance 
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of her nursing functions), and (8) maintaining familiarity with the work environment and its 
hazards through periodic plant tours. 

Legal and ethical considerations require that a physician be given the responsibility for the 
direction of services relating directly to the health of the employees. When the services of a 
full-time medical director are not feasible, management should adopt a_physician-in-charge 
arrangement on a part-time, on-call, per diem, or consultative basis. The nurse should be 
provided with a set of standard procedures for her guidance during the physician’s absence, which 
have been discussed and agreed upon in consultation with the nurse. These should be in writing 
and signed by the physician-in-charge. 

To facilitate adoption of standard procedures, suggestions are offered as a guide for the 
physician in the preparation of directives for a specific situation. This procedure is given in 
detail for first-aid emergencies as well as for abrasions, splinters, burns, or other minor condi- 


tions. The many minor illnesses and symptoms that are so commonly encountered in industry 
are well covered. 


Management.—The industrial nurse should report directly to the full-time physician. When 
a part-time or other physician-in-charge arrangement has been established, the nurse should 
report to the physician on all professional matters and to a member of management on adminis- 
trative matters. Management should be conversant with the scope and limitations involved in 


the practice of nursing and should neither expect nor request the nurse to exceed her normal 
sphere of service. 


Employees—The industrial nurse must at all times maintain a personal and confidential 
professional relationship with the employees in conformity with legal and ethical codes. Except 
where the law dictates otherwise, the nurse should never divulge information in the individual 
employee’s health record unless the employee gives his signed permission. Medical records are 
always to be considered confidential and kept under lock and key in the health service department. 

Community Physicians —The nurse should exercise discretion in the handling of ailments 
other than occupational. In-plant care must be in accord with directives of the physician-in- 
charge, followed by referral of the employee, when indicated, to his personal physician for 


further treatment. Hazet Mipwoop, R.N. 


Arr PoLtitution Controt—A New Frontier. Pub. Health Rep. 70:633 (July) 1955. 


Twenty papers are presented in brief from “Problems and Control of Air Pollution,” Pro- 
ceedings of the First International Congress on Air Pollution held in New York City March 1-2, 
1955. A review of the complete proceedings which appeared in book form has been given in the 
A. M. A. ARcHIVEs oF INDUSTRIAL Heattu (13:199 [Feb.] 1956). 


LaBor-MANAGEMENT NEGOTIATED HEALTH AND WELFARE PLANS, NORTHERN CALIFORNIA. 
State of California Department of Industrial Relations, Division of Labor Statistics and 
Research, 1955. 


In view of the rapid growth of health and welfare plans negotiated between labor and 
mangement, this survey of the situation in Northern California is of considerable interest. The 
335,700 employees and 293,200 family dependents of workers covered by medical-care insurance 
were eligible for a compartively wide range of “health benefits,’ with hospital and surgical 
benefits leading in frequency. About two-thirds of the insured received benefits through an 
insurance company (implying indemnification for specified expenses). The employer paid the 
entire cost of the premium for 90% of the insured workers and for the dependents of more than 
50% of these workers. The report contains much valuable information on the organization and 


utilization of the plans. FrANz GOLDMANN, M.D., Boston. 


SoME OBSERVATIONS ON SICKNESS ABSENCE IN RELATION TO MARRIAGE AND PREGNANCY. 
R. A. G. Situ, Tr. A. Indust. M. Off. 5:44-49 (July) 1955. 


It is recognized that married women experience more lost time in industry than do single 
women. In order to study the question more closely, the lost time of single women who had been 
employed by a firm for at least one year was compared with their lost time after marriage. The 
data collected are shown in tabular form. The excess of lost time was most pronounced during 
the first year after marriage; after that period it tended to resemble that experienced before 
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marriage. These data are apart from pregnancy. Contributory diseases were those of the 
rheumatism group, due to the physical exertions of housework and carrying shopping bags. 
Absences for respiratory and locomotor diseases might previously have been worked through, 
but after marriage the threshold limit of severity, enough to cause absenteeism, tends to be 
lowered. Financial needs may concern the single woman more than the wife with a husband 
contributing to the household expenses. Later the married woman becomes acclimatized to 
married life. Pregnancy doubles sickness absence. Prolongation of sickness absence may be the 
result of psychological factors, the duties and loyalties of the home taking precedence over those 
owed the factory. A childless woman has nearly as good an attendance record as she had before 
marriage. Generally maternal duties must be allocated priority. Women like the companionship 
of work and often will not leave off work as soon as they should when pregnant. 


E. L. Cotwis. 


ANGLO AMERICAN CorPORATION OF SoutH Arrica, Lrp., MepicAL DEPARTMENT, JOHANNES- 
BURG: REPORT FOR THE YEAR 1954. J. H. G. Van BiomMMestern, Mepicat CONSULTANT, 
47 pp., 1955. 


The population here under consideration is composed of 127,909 Africans drawn from all 
parts of South Africa and employed at gold mines on the Rand, at collieries, at diamond mines, 
and at Rhodesian mines. The total has risen from 48,576 in 1940 when only the Reef Gold Mines 
were under the Corporation. The custom of the Africans is to stay only short periods and then 
return to the kraals; hence the labor turnover is always unusually high, in one group of mines 
more than 90% per annum. 

In earlier years the Africans received the barest essentials and were housed in compounds, 
6 to 20 per room, with concrete bunks or bed boards on which to sleep; food was eaten in 
these dormitories and was like that of the kraal—stewed meat, maize-meal porridge, and a few 
vegetables. It was quite inadequate, and such deficiency diseases as scurvy were rampant. Medical 
supervision was in the hands of part-time general practitioners and was insufficient. No provision 
was made for recreation and welfare. Today hostels for Africans are provided close to the mines 
so that workers from the pit head can reach them without going into the cold outside air. It is 
rare for as many as 10 Africans to occupy the same room; bedsteads are provided with 
mattresses; ablution facilities are to hand. Food is taken in large dining rooms, seating some 
1500 persons. The diet provides from 4000 to 4200 calories per day; it is well balanced and has a 
high protein content derived from animal and vegetable sources. Staple articles of food for the 
African, such as maize and pumpkins, and beverages, namely mahewe (made from fermented 
porridge) and Kaffir beer, are included. When well cooked, vegetables are readily eaten— 
potatoes, onions, cabbages, spinach, tomatoes, and carrots. By rotation cooking (only using the 
amount required for immediate demand), overcooking is avoided. A full-time medical service 
has been established, with adequately equipped hospitals at its disposal. 

A wealth of information appears in tabular form dealing with the last four years, but interest 
would be greater if the figures dealt with earlier years before the improvements mentioned had 
been started. Deaths from pulmonary tuberculosis fell from 23 in 1950 to 2 in 1954 (0.25 to 0.06 
per 1000), but the mortality rate rose from 1.698 to 1.892 per 1000. Respiratory diseases, especially 
pneumonia, caused most illness; but measles, mumps, and chickenpox, to which the Africans 
living at home are not accustomed, were troublesome. As years pass, these records will increase 


in value. E. L. Coutts. 


CENTRAL MINING—RAND MinEs Group HEALTH DEPARTMENT, JOHANNESBURG: REPORT FOR 
THE YEAR 1954. A. J. ORENSTEIN, Cuter Mepicar Orricer, 19 pp., 1955. 


The population with whose health this report is concerned has been composed of the African 
labor employed in the Rand group of gold mines at Johannesburg. It was composed of 82,001 
Africans—11,035 from tropical Africa, 28,092 from the East Coast of South Africa, and 42,874 
from other parts. The number recruited during the year was 83,653, representing a labor turnover 
of 102%, slightly higher than usual. 


Such a fluctuating population is more vulnerable to the ordinary risks of life, even though it 
consists mainly of young adults, than is a stabler community. The incidence and mortality rates 
for disease somewhat increased from 428.92 per 1000 in 1953 to 488.14 and from 2.06 per 1000 
to 2.32, respectively; but there was a slight reduction in accidents due to employment. These 
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African workers have to pass a severe medical examination on engagement, and during the 
period they stay at the mines they receive board and lodging. 

Much has been learned about how to look after this labor force over the last 40 years, and 
a graph shows how mortality from all causes and from accidents has been steadily declining. 
Pneumonia and tuberculosis (though with a slight mortality rise in 1954) have both been greatly 
reduced. Africans, on coming into a new environment, are particularly prone to pneumonia, but 
the case mortality has been reduced from 2.35 per 1000 in 1944 and 3.0° per 1000 in 1945 to 
0.79 in 1953 and 0.88 in 1954. Pneumonia shows racial predilection; it had an attack rate per 
1000 of 117.63 for Africans from the tropics, 46.24 for East Coast Africans, and only 29.34 for 
the rest. Both pneumonia and meningococcal meningitis attacked more frequently in the first 
three months of service. Meningitis attacked tropical and East Coast Africans about equally, 
with a rate per 1000 of over 5, while that for other Africans was as low as 0.79. The costs of 
food have been rising from £12 per worker per annum in 1945 to £20 8s. in 1954. Pulmonary 
tuberculosis is always high among these Africans; there was an incidence of 2.99 per 1000 and 
there were 14 deaths, but the workers tend to return home to die. Silicosis was diagnosed in 
269 cases (3.28 per 1000); this figure includes silicosis alone and silicosis with tuberculosis. 


E. L. Cottis. 


Occupational Diseases and Hazards 


PROPERTIES AND EssENTIAL INFORMATION FOR SAFE HANDLING AND Use oF BENZENE. 
Chemical Safety Data Sheet SD-2, Manufacturing Chemists’ Association, Inc., 1956. 


Benzene is a flammable liquid, and its vapors form explosive mixtures with air. It presents 
a fire hazard unless proper care is taken in storage and handling. 

It possesses a high degree of toxicity. Continued inhalation of low concentrations may cause 
serious, even fatal, blood changes. The liquid after prolonged contact may cause defatting of 
the skin, resulting in dermatitis or secondary infection. 

Benzene can be handled, shipped, and stored safely, provided that the personnel handling 
the product recognize the hazards and are thoroughly familiar with the necessary precautions. 

Some of the principal precautions are: 1. Keep away from sparks or open flame. 2. Provide 
adequate ventilation. 3. Ground all containers and equipment before discharge to reduce danger 
from static electricity. 4. Avoid inhalation of benzene vapor. 5. Avoid skin contact with benzene. 
6. Follow Interstate Commerce Commission regulations and other applicable requirements in 
regard to shipping containers, loading, unloading, and labeling. 


FroM THE AUTHOR’S SUMMARY. 


PROPERTIES AND ESSENTIAL INFORMATION FOR SAFE HANDLING AND USE OF HypbROGEN 


Peroxive. Chemical Safety Data Sheet SD-53, Manufacturing Chemists’ Association, Inc., 
1955. 


Hydrogen peroxide water solutions containing more than 8% hydrogen peroxide by weight 
are classified by the Interstate Commerce Commission as corrosive liquids. The product is 
a strong oxidant and, therefore, may have an irritating effect on the skin, mucous membrane, 
and eyes, particularly in the higher concentrations. If swallowed, the sudden evolution of oxygen 
may cause injury to the esophagus or stomach. 

Hydrogen peroxide, because of its oxidizing characteristics, may cause spontaneous com- 
bustion if allowed to remain in contact with readily oxidizable organic materials. 

The hazards in the handling of hydrogen peroxide can be avoided by thorough education 
of the employees who are called upon to handle the product. Some of the principal points 
that should be stressed are: 1. Avoid contact with skin and eyes. 2. Avoid contact with com- 
bustible materials. 3. Store hydrogen peroxide only in original containers or in containers 
known to be constructed of compatible materials which have been properly passivated for 
this service. Contact with corrosive materials may cause rapid decomposition and consequent 
generation of oxygen gas. 4. All Federal, state, and local regulations should be observed with 
regard to hydrogen peroxide waste disposal. 5. In the event of exposure to concentrated hydrogen 
peroxide by contact with skin or eyes or swallowing, prompt first aid should be administered 
by washing the affected areas with large quantities of water and washing the eyes for at least 


15 minutes. Carefully follow directions given in Section 8 of “Health Hazards and Their 


” 
Control. From THE AUTHOR'S’ SUMMARY. 
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PROPERTIES AND EssENTIAL INFORMATION FOR SAFE HANDLING AND USE OF NAPHTHALENE. 
Chemical Safety Data Sheet SD-58, Manufacturing Chemists’ Association, Inc., 1956. 


Naphthalene is not classified as a dangerous chemical and therefore is not subject to Inter- 
state Commerce Commission regulations governing the transportation of hazardous articles. 


However, fire and explosion hazards exist, and there is the risk of burns when the molten 
substance is handled. 


Precautions necessary in the handling of naphthalene and details of personal protective 
equipment and first-aid procedures are dealt with in detail in the body of the data sheet. Some 
of the principal points to observe are: 1. Fire Hazard: Naphthalene in both solid and liquid 
form is flammable and introduces a potential fire hazard where it is stored, handled, or used. 
2. Explosion Hazard: Naphthalene vapor or dust can form explosive mixtures with air. 3. 
Reaction with Water: When molten naphthalene (above 110 C) comes into contact with water, 
violent foaming or even an explosion results. 4. Need for Protective Equipment: Workers 
handling molten naphthalene require eye, face, respiratory, body, skin, and hand protection. 
5. First-Aid Procedure: First aid should be started at once in case of contact with molten 
naphthalene. Remove all contaminated clothing, and flush the affected skin with copious 
quantities of cold water. Refer all burns to a physician. 


From THE AuTHOR’S SUMMARY. 


PATHOLOGICAL StupIES OF MODIFIED PNEUMOCONIOSIS IN COAL-MINERS WITH RHEv- 
MATOID ARTHRITIS (CAPLAN’S SYNDROME). J. GouGu, D. Rivers, and R. M. E. Seat, 
Thorax 10:9-18 (March) 1955. 


The materials upon which this article is based were derived from lungs obtained at necropsy 
on 14 Welsh coal miners with rheumatoid arthritis and biopsy specimens from lungs of two 
men similarly affected. A modified form of pneumoconiosis as seen among coal miners, associated 
in several cases with tuberculosis, was found. Distinctive x-ray shadows were seen—multiple, 
rounded and well defined, distributed fairly evenly throughout both lung fields. These shadows 
were not displayed by all the arthritics, and the men who showed these rounded opacities 
were not all arthritics; possibly they were in the early stages in which the arthritis was not 
yet established. 

The findings support the view that rheumatoid disease is an inflammatory reaction result- 
ing from necrotizing lesions involving collagen. The pneumoconiotic lung of coal miners 
appears to be very vulnerable to the “rheumatic process’—more so sometimes than the joints 
where lesions may not follow for many years. Infection, possibly tuberculous, may act in- 
directly, producing in the presence of coal dust a type of collagen which sets up a reaction 
in rheumatoid subjects. The microscopic appearances in these lungs are carefully described 
and illustrated. The study confirms the existence of Caplan’s syndrome and demonstrates 


that coal miners with rheumatoid arthritis react abnormally to the collagen produced by 
infective pneumoconiosis. E. L. Conus 


CoNTROL AND PREVENTION OF OccUPATIONAL CANCER IN GREAT Britarn. S. A. Henry, Irish 


§: M. Sc. 6:291 (July) 1955. Cc H. Woop. 


One TuHousanp Bioop PicTuRES OF SPRAY-PAINTERS. 


N. Parpon, Arch. mal. profess. 
16: 427-434, 1955. 


Statistical analysis was applied to blood pictures collected from some 200 women employed 
at various processes in a workshop where spray-painting was carried on. The paint used contained 
benzene, toluene, and xylene as solvents. The air of the shop contained always less than 0.10 gm. 
per cubic meter. The counts of red cells, white cells, and polynuclear neutrophiles were con- 
sidered. The curve of distribution of red cells was found regular and acute around the mean; 
that of white cells was more spread out, while that for polynuclear neutrophiles was rounded. 
Various analytical tests are shown, for in neither group of cells was any significant difference 
found between workers employed for less than 2 months and those employed for more than 
12 months. Nor were significant variations found for the different seasons of the year; in 
particular, no winter erythropenia was noted. During the day food seemed to increase the 
number of white cells but did not affect the other cells. Though the study gave information 
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regarding the normal blood pictures under varying conditions, no evidence was forthcoming 
that the changes were affected by the low concentration of the benzene products in the workshop 


air. 


Stupy oF BroLocicaL CHANGES IN POISONING BY MANGANESE. J. Roper, Arch. mal. profess. 
16 : 435-442, 1955. 


A study was made of 151 cases of manganism to detect, if possible, definite changes at an 
early stage of poisoning, which could be used to indicate that poisoning was starting before 
serious progress had taken place. (No indication is given of how advanced were the clinical 
symptoms of toxemia or of the extent of the exposure causing the toxemia.) No important 
interference with the function of the kidney was found, but the phenolsulfonphthalein test 
indicated retention in 40% of the patients. Similarly the hepatic function was hardly modified. 
A number of other diverse tests were applied without any definite result. Tests of endocrine 
function were more profitable. In 80% of the patients there was a diminution of the elimination 
of 17-ketosteroids, with an increase in basal metabolism. The blood picture showed a definite 
lymphocytosis in 41% of the cases. A mild increase in the blood cells was also present in 44%. 
An expert seeking for signs of manganism, apart from clinical signs in speech and gait, should 
look for alterations in the blood picture, in the basal metabolism, and in the elimination of 


urinary 17-ketosteroids. > 
L. Courts. 


Curious AsBEstTosis BopiEs SEEN IN CASES OF ANTHRACOSIS. A. PoLicaArD and A. CoLLet, 
Arch. mal. profess. 16:460-462, 1955. 


The plea is entered that the “curious bodies” seen in the sputum and in the lungs of cases 
of asbestosis are not only to be seen in that condition; they occur also in anthracosis. These 
bodies are held to be ferruginous protein deposits upon the broken ends of asbestos fibers. But 
such bodies occur in anthracosis; they may be deposited on any part of a coal fiber and not 
only at an end. Illustrations of such deposits are shown in photomicrographs. 

The bodies are deposits upon submicroscopic defects in the surface of coal particles. The 
exact chemical nature and mechanism of these deposits remain undetermined. Their occurrence 
may depend not so much upon the coal particles as upon the frequency of processes of absorption 
and the constitutional factors of metabolism peculiar to each individual miner. 


E. L. Corts. 


Campaicn Acartnst Dust 1n BELGIAN Coat Mines: Position AT THE BEGINNING oF 1955. 
G. Decuetpre, Communication 126, Hasselt: Institut d’Hygiéne des Mines 10:17 
(March 15) 1955. 


Colliery companies in Belgium are called upon to render information regarding dust sup- 
pression by filling in yearly a form, copy of which is given in an appendix. The information 
so collected is now published, embodied in a series of tables. They tell how dust control is being 
advanced by using damp methods when loading coal underground, by wet drilling, by capturing 
the dust when it is generated dry, by damping underground passages or using hygroscopic salt 
on them. The practice regarding shot firing and return to work thereafter is also described. 

A report of this kind is prepared every year. It indicates that, on the whole, improvement 
has taken place, but the point is still stressed that more must be done to bring all dust under 


TREATMENT OF LEAD POISONING wiTH CALCIUM ETHYLENEDIAMINETETRAACETATE. <A. 
PLETSCHER, Schweiz. med. Wchnschr. 85:128-131, 1955. 


Intravenous treatment of two cases of chronic Pb intoxication for 45 days with daily 2.5 gm. 
doses of Ca ethylenediamine-tetraacetate resulted in increased Pb excretion, decreased copro- 
porphyrin excretion, and an improved blood picture. The Pb blood level in one patient decreased 
to normal, while in the other it increased from normal to pathological values during treatment. 
By 18 weeks after the end of treatment, both the number of stippled cells and the coproporphyrin 
concentration in the urine had again risen. The fecal Pb concentration had increased, while 
both blood and urine Pb concentrations were normal. 


[Cuem. Apstr.]. 
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Stticosts HAZARD IN THE WORKING OF Clays. L. Peretti and E. Occetta, Med. lavoro 
45:700-714 (Dec.) 1954. 


The joint authors of this paper are teachers of mineralogy and applied geology and of 
petrography and mining. They discuss the formation, the chemical composition, and the molecu- 
lar structure of a variety of clays and clay-containing minerals which are used in such indus- 
tries as brickworks, potteries, foundries and in the manufacture of refractories and of cement. 
In judging the silicosis hazard of handling such clay materials, their various properties 
have to be taken into consideration; such are the content of free silica, more particularly the 
crystalline form, the size of the particles, and their liability to be easily given off and diffused 
and to be inhaled by those working in the affected atmosphere. The minerals with which 
the authors are here concerned are sedimentary formations which were derived originally from 
primary rocks by processes of erosion, transport, and settling, in the course of which they may 
have acquired an increased content of free silica. The paper discusses various types of mineral 
concerned and its association with other geological formations, its origin and development, 
as affecting the original and the final content of free silica. 

Because of the fine structure and complex composition of these clay materials, their chemical 
and petrographic analyses are often not sufficient for an assessment of their likely role in 
causing silicosis or other pneumoconioses; additional determinations (thermal, x-ray, electro- 
dialytic, and other techniques) may have to be undertaken. 

Clinical and other evidence suggests that the property of free silica of causing fibrosis in 
the lungs is enhanced when certain hydrosilicates are associated in the atmospheric dust. 


J. Caucur [Butt. Hye.]. 


ASBESTOS AND PULMONARY CARCINOMA IN AN Aspestos SPINNER: NOTES ON THE INDUCTION 
or LunG Cancer spy Aspestos Fibers. G. RomporaA, Med. lavoro 46:242-250 (April) 
1955. 


The first case of pulmonary carcinoma occurring in Italy in a subject affected by slight 
asbestosis is described. The malignant neoplasia was observed in a woman, 49 years of age, 
who for 29 years had worked as a spinner in an asbestos factory. The diagnosis formulated in 
life was confirmed by postmortem examination, the gross and microscopic findings of which 
are briefly reported. The present clinical, pathological, and statistical knowledge diagnosed on 
the capacity of asbestos to cause tumors is summarized. A tumor should be diagnosed as occu- 
pational in nature only when the statistical data correspond with the experimental researches. 
While there are many statistical data (though not agreeing for all countries), experimental 
researches are few and are not concordant. According to the author, a hypothesis should be 
adopted whereby the capacity of the different types of asbestos to cause tumors would differ 
according to their chemical composition. Pace: 
Errects oF OxyGeN INTERMITTENT POsITIVE-PRESSURE BREATHING IN CASES OF SILICOSIS 

AND IN Cases OF EMPHYSEMA WITH SEVERE RESPIRATORY INSUFFICIENCY. E. SARTORELLI, 

Med. lavoro 46:411-418 (June-July) 1955. 


The effectiveness of the oxygen intermittent positive-pressure breathing was studied experi- 
mentally in seven silicotics and in six cases of emphysema with severe arterial anoxemia by 
means of two devices fitted with tightproof oronasal masks (Bennett's apparatus and Pneophore 
M.S.A.). Oxygen was given with a spectacle-type nasal catheter for control experiments. 

Blood oxygen saturation was measured with the “Cyclops” oximeter during oxygen inter- 
mittent positive-pressure breathing and oxygen therapy with nasal catheter. 

Experiments have shown that in all patients affected with lung diseases, who during breathing 
of atmospheric air presented blood oxygen saturation rates varying from 55% to 89% according 
to the subject, oxygen intermittent positive-pressure breathing with Bennett’s apparatus or 
with the Pneophore gives way to complete disappearance of the arterial anoxemia, while the 
oxygen therapy by means of nasal catheter, though producing a more or less evident reduction 
of the arterial anoxemia, has in no case led to increases above 95% of the arterial blood oxygen 
saturation. 

Results obtained show that oxygen intermittent positive-pressure breathing, for its effective- 
ness in cases of lung diseases with severe respiratory insufficiency, should be preferred to the 
common oxygen therapy with nasal catheter as a method for the administration of oxygen. 


From THE AuTHOR’s SUMMARY. 
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Skin AFFLICTIONS IN WORKERS IN THE PLATING INvUsTRY. M. C. Batrticett and C. L. 
MENEGHINI, Rass. med. indust. 23:417-423, 1954. 


Two basic types of skin affliction which occurred in 8% of the workers in Ni plating plants 
are described. Workers in Cr plating plants showed 3% morbidity consisting of eczema and 


occasional ulcerations of the nasal septum. Patch tests were of value in the case of Ni but 
not of Cr. 
From THE SuMMARY [CHEM. Apstr.] 


Cor PULMONALE AND Siticosts. P. H. Rosster, A. BUHLMANN, and P. Lucustncer, Arch. 
Gewerbepath. u. Gewerbehyg. 13:486-495, 1955. 


The pneumoconioses, and especially silicosis, may lead to overload of the right heart and 
finally to primary right-heart failure. Cardiac failure as a cause of death in silicosis is second 
only to tuberculosis in frequency. The hypertrophy of the right heart seen so often at autopsy 
contrasts with findings at examinations by radiology, electrocardiography, and the usual clinical 
methods, which are not satisfactory. Present knowledge of the reciprocal connection between 
pulmonary circulation and function allows the problem of cor pulmonale to be approached from 
the functional aspect. The authors found by their investigations that impairment of pulmonary 
function could not always be proved, and only by a comparison of the radiological stage in a 
large number of cases was a certain parallel shown to exist between the amount of radiographic 
change and the impairment of pulmonary function. A clearer understanding was obtained when 
the impairment of function and the mechanism of pulmonary tonus were exactly defined; this 
was made possible with the use of the heart catheter in testing pulmonary function in rest and 
during effort. 

Investigations on 335 patients with silicosis showed a certain parallel between the severity 
of the silicosis and the frequency of cor pulmonale. The percentage incidence of cor pulmonale 
was: Stage III, 33%; Stage II, 16%; Stage I, 5%. In the progressive cases the cor pulmonale 
was chiefly the result of reduced capillary surface which led to diffusion impairment, whereas 
in the early cases the chief cause was the result of global insufficiency. 


ConDENSED FROM E. L. Mippteton Hye.]. 


CriticAL COMMENTS ON THE ASSESSMENT OF SILICOSIS AND SILICOTUBERCULOSIS BY CLINICAL, 


X-Ray, anp Autopsy Finpincs. G. Wortn and W. Nerreter, Beitr. Silikose-Forsch. 
No. 30, 1-30, 1954. 


Discrepancies sometimes occur between the results of clinical and x-ray examinations on 
which silicosis compensation awards are made and the findings on the same cases at autopsy. 
An extensive investigation of the correlation of those findings was conducted. The most frequent 
cause was complication by tuberculosis. Clinical underestimates were also in several cases due 
to emphysema, which may mask lung fibrosis on x-ray films. Comparisons on 207 cases showed 
that in 32% silicotuberculosis, diagnosed clinically, was not confirmed post mortem; in 4% it 
had not been found clinically; and in 64% there was agreement. In a group of 401 cases silico- 
tuberculosis was found at autopsy in 43% ; of these 80% were actively progressive. Most of them 
had silicosis Stage 2 or Stage 3. Silicosis of the hilar lymph nodes, usually not diagnosed clinically, 
was found in one-third of the cases. Bronchitis also tended to be underestimated clinically. It was 
found in 80% of the cases at autopsy and was chiefly present in Stage 3 silicosis. Some degree 
of bronchiectasis was found in nearly half the cases at autopsy, although it was rarely found 
clinically. 

By selective bronchography it can be demonstrated that in advanced silicosis bronchial 
deformity is the most frequent complication. A few notes and x-rays illustrate incorrect clinical 
diagnoses caused by mitral stenosis or other complications. 


ConpDENSED FROM Butt. [INpust. Hye. Dicest.]. 


INVESTIGATIONS ON THE BEHAVIOR OF THE Most IMPORTANT MINERAL Dusts 1n HUMAN 
LuNGs, WITH SPECIAL REFERENCES TO THEIR CHEMICAL AND CRYSTALLOGRAPHIC 
PROPERTIES AND THEIR OCCURRENCE IN MINING. M. LANDWEHR and E. BRUCKMANN, 
Beitr. Silikose-Forsch. No. 32, 132 pp., 1955. 


This paper, which runs to over 120 pages, deals with the relation between dust composition and 
concentration and observations on pneumoconiotic lung tissue sections with the polarizing light 
microscope. It is arranged in four parts. The first part reviews the crystal structures of the chief 
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minerals which occur in mine dusts and brings text-book illustrations of silicate and other struc- 
tures. The second part first describes the main rock types which occur in a number of mining 
districts, including coal, iron ore, slate, graphite, and talc. Thin sections of rocks are shown, and 
sieve analyses of drilling dusts obtained under standard conditions are given and discussed. 

From extrapolation of the sieve analyses the properties of the respirable dust are estimated. A 
risk value based on Landwehr’s previously published system is introduced. 

Later, in the second part of the paper, the change in size distribution of settled dust in a mine 
is shown as function of the distance from the origin of the dust. Even if the air appears clear 
at a large distance from the source, many dust particles of the order of 24 may still occur. 

A few figures are given next for dust concentrations found several years ago and now for 
different coal-mining operations. 

Part 3 is a selective review of the literature dealing with a number of mineralogical observa- 
tions on the decomposition of feldspar, syntheses of clay minerals, and papers dealing with 
observations on silica solubility and certain animal experiments in silicosis research. 

Part 4 gives observations based on 500 sections from 62 lungs ranging from normal persons 
through coal workers, iron stone workers, graphite and talc workers to sand blasters. 

The expected mineral composition of the lung dust, based on the study of rocks and drilling 
tests, is given, with particular reference to the quartz percentage. Examination of the sections 
showed that this expected quartz percentage could not be found, but where it should have 
appeared extensive stains of a double refracting interstitial tissue were seen. A series of illustra- 
tions shows a sequence from dust deposits without such tissue to pictures showing massive strands 
of it. The advantages of using polarized light microscopy on unstained tissue sections embedded in 
Canada balsam and of the same technique on stained sections are stressed, and several color 
photographs are reproduced. 

The authors conclude that quartz dissolves and produces fibrous tissue, probably through the 
intermediate action of colloidal polymerized silicic acid. If other silicates are dissolved, they 
produce silicic acid which is not polymerized but rapidly excreted from the organism. 

The examination of the lung sections usually showed much less quartz and often more 
mica or tale than are found in the composition of the air-borne dusts. This finding may be related 
to the platy habit of mica and talc. 

Silica solubility alone is not considered to give a full explanation of the origin of silicosis. It 
is considered that platy and fibrous minerals may be more difficult to remove by phagocytosis from 
lung tissue than isometric minerals, and their accumulation in the lung may inhibit the lymphatic 
drainage and thus increase the fibrogenic action of dissolved silica. 


G. Nacetscumipt, [Butt. Hyc.]. 


S1Licosis AND CoRONARY Sclerosis. F. BoremKe, M. Prrotu, and SCHULTE-STRACKE, 
3eitr. Silikose-Forsch. No. 33, 1-29, 1955. 


In this study the authors examine the relationship between silicosis and its effects on the 
heart and circulation and discuss the problem of deciding whether, in persons who have both 
silicosis and severe coronary sclerosis, death is exclusively the result of the injury caused 
to the heart muscle by arteriosclerosis or whether the presence of silicosis has some connection 
with it. The damage to the circulation by the silicotic process in the lungs has frequently resulted 
in hypertrophy of the right heart, and this may be a factor in the development or extension 
of a coronary sclerosis. If such a supposition is accepted, it may be expected that other diseases, 
besides silicosis, which have a similar reaction on the heart muscle, may favor the development 
of coronary sclerosis. 

To find answers to these questions, the reports of a large number of autopsies were examined. 
Excluding unsuitable or imperfect records, 12,695 remained for examination; these were 
arranged in five groups according to the pathological findings: (1) severe silicosis and other 
diseases but excluding primary cardiovascular disease and kidney diseases, 3317; (2) diseases 
without overload of the heart, 4056; (3) diseases with chronic overload of the right heart 
(chronic emphysema, bronchitis, and deformities of the thorax), 1389; (4) diseases with evi- 
dence of only moderate overload of the right heart (tuberculosis and cancer of lung), 3364; 
(5) diseases with overload of the left heart and the whole heart, 569. 

The analyses are discussed, and the importance of the results is stated in a closely reasoned 
summary. By a practical evaluation of the investigation it was established that a connection 
exists between silicosis and coronary sclerosis; this does not suggest, however, that in every 
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case of silicosis the development of coronary sclerosis, or unfavorable influence on an existing 
coronary sclerosis, is to be expected with certainty. These investigations have confirmed 
the already known fact that various endogenous and exogenous factors are of importance 
in the formation and extension of coronary sclerosis. Among exogenous factors are chronic 
diseases of the lungs, including silicotic processes, insofar as they react on the coronary system 
through injury to the pulmonary circulation. It was not possible, from the results of the 
investigation, to indicate which disease was the more important as the cause of death where 


severe silicosis and severe coronary sclerosis were both present. oe Bie ase 


PATHOPHYSIOLOGY OF PULMONARY Fiprosts, WITH SPECIAL REFERENCE TO SILICOSIS AND 
Irs COMPLICATTONS—TUBERCULOSIS AND CANCER. C. Wartz, Beitr. Silikose-Forsch. 
No. 33, 31-60, 1955. 


In this article the author discusses the pathogenesis of fibrosis of the lungs produced by 
dust, both with regard to the nodular form, as seen typically in silicosis, and the diffuse form, 
of which asbestosis is taken as an example; the study is carried further into the changes 
occurring in the tissues when tuberculosis or cancer supervenes in a silicotic lung. The discus- 
sion is based entirely on the literature, to which many references are made. 

After a brief survey of the processes which follow deposition of various kinds of dust 
in the lung, different theories regarding its possible mode of action are described. New knowl- 
edge of the finest air-borne particles has been gained by the use of the electron microscope, 
and the extraordinary raggedness and sharpness of outline of ultramicroscopic particles are 
described and illustrated in a striking photomicrograph of a quartz particle magnified 150,000 
times. In this connection the modes of production of dust by mechanical processes must be 
considered as determining the irregular shapes and different electrical charges given to the 
particles, and attention is directed to the foreign-body action on the tissues and, incidentally, 
to the importance of dust suppression. The mechanical effect and the irritation caused by this 
foreign-body action on the tissues, owing to sharp angles, different electrical charges, and 
irregular crystal surfaces, are referred to in quoted literature. The solubility theory is examined 
and, in the light of recent experiments by Holzapfel, is regarded as untenable. Passing refer- 
ences are made to the influence of lattice structure, adsorption and surface effect, chemical 
action, and the time factor. Functional and structural changes which occur in the tissues as a 
result of the irritation and the accompanying hyperemia caused by the dust are described, and 
references are made to the effects of protective substances and of aerosol prophylaxis. 

Tuberculosis is the most frequent complication of silicosis. The views of many authors are 
cited on the pathogenesis of tuberculosis in the silicotic lesions and the influence of each 
disease on the course of the other: Boeck’s disease appears to be accepted as a modified form 
of tuberculosis developing in a special state of immunity. The foreign-body irritation of silica- 
containing dust is the first link in the chain of events; to this follows, immediately and in 
many parts of the lung, a condition of peristatic hyperemia, and the changes in the tissues 
favor the development of tubercle bacilli which may be derived from a preexisting lesion or 
by fresh infection, and the irritating effect of the tubercle bacilli is added to that of the silica. 

The occcurrence of cancer in silicotic lungs is next considered. In the opinion of most 
observers there is no etiological connection between the two diseases, and this view is held 
for purposes of compensation. However, examination of the tissue changes which occur in 
silicosis accompanied by cancer appears to show that such a relationship does exist. Schoch 
reported from Switzerland a higher incidence of lung tumors in silicotic men than in others, 
although the numbers were small; it was also reported that silicosis accompanied by lung 
tumor had a worse prognosis than even severe silicosis with extrapulmonary tumor. Westermann 
found among 13,904 autopsies of cases of silicosis 200 with cancer of the lung; most of these 
were in lungs with silicosis in the first and second degrees, and very much fewer in the third 
degree. The explanation of this finding was that in the late fibrotic stage of silicosis less 
opportunity was afforded for hyperplastic growth than in the earlier stages. The question 
whether silicosis prevents cancer must be answered in the negative. The occurrence of cancer 
with a substantial degree of silicosis must be considered as a linked complication and not as 
a disease sui generis. For the purposes of compensation cancer accompanying silicosis in 
the first or the second degree must be acknowledged as a complication, and after death both 


diseases should be regarded as one in the award of compensation. tS: Bheosnevon: 
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PATHOPHYSIOLOGY OF RESPIRATION IN SILICOSIS AND THE ASSESSMENT OF CAPACITY FOR 


Work. P. H. Rossiter, A. BUHLMANN, and P. Lucustncer, Deutsche med. Wehnschr. 
80:608-614 (April 22) 1955. 


The authors describe their tests for determining lung function, the differentiation and classi- 
fication of the various kinds of respiratory insufficiency, and the connection between these and 
the pulmonary circulation. Disturbances of lung function in the early stages of silicosis are 
mostly concerned with ventilation and are less the result of changes in the lungs caused 
by silicosis itself than of complications such as chronic bronchitis and emphysema; in the 
progressive stages of silicosis the disturbances connected with ventilation are proved to 
be due to reduction in the capillary surface. In the evaluation of large numbers of cases, 
although not in individual ones, there is a certain parallel between the roentgenogram 
changes and the severity of the functional disturbance. The examination of lung function, 
especially by work tests, gives an objective criterion for assessment of incapacity. When 
silicosis is diagnosed at an early stage, the patient is protected from further exposure to 
dust, and the prognosis regarding progression of the disease and incapacity for work is 
improved. Where silicosis has led to respiratory insufficiency, treatment must be given by 
inhalation therapy, breathing exercises, and the artificial increase of ventilation with suit- 
able apparatus (respirator, iron lung, electrolung). Where chronic respiratory insuffi- 
ciency has led to pulmonary hypertonus, cardiac treatment should be given at the same 
time. The struggle against silicosis is much less a medical problem than a technical one. 

In certain countries silicosis is compensable as a disease. This system leads to late diag- 
nosis and depends on the roentgenographic examination showing evidence of a progressive 
condition which, in most cases, has already led to severe functional disturbances. In Switzer- 
land silicosis is compensable, not as a disease but only through resulting incapacity for 
work; this leads to early diagnosis, since the worker exposed to dust complains as soon as 
there is any sign of chest trouble. Most of these patients are excluded from further work 
exposing them in quartz dust. 

This disease presents for the physician not only problems of diagnosis but also of assess- 
ment of loss of function, which makes the investigation of respiratory function highly important. 
Hence the aim is to distinguish the limits of disturbances of function due to silicosis from 
those due to accompanying diseases. It often remains a question of degree how far accom- 
panying diseases can be traced back to the occupational disease or to other causes. 

The basis of all research on respiratory function is spirometry and analysis of the gases 
in the arterial blood. The technique used in the investigations is described. 

A classification is given of the different disturbances of lung function, and these are 
discussed very fully; they include latent insufficiency, in which partial and global insufficiencies 
are distinguished; disturbance of diffusion related to pneumoconiosis; pulmonary hypertonus 
due to reduction in the surface of the capillary network and increased resistance; disturbance 
of lung function due to bronchial spasm, and disturbances of lung function in silicosis. 

Assessment of capacity for work is made on the results of functional tests. A patient is 
regarded as totally unfit for work if global insufficiency or disturbance of diffusion is present 
during rest. Working capacity is not reduced, on pulmonary grounds, if the patient is aged 
between 20 and 50 and is capable of performing 150-170 watts or more on the bicycle 
ergometer, without the level of the arterial oxygen saturation falling to a pathological level. 
If the output is 100 watts, capacity is regarded as reduced by one-third, and if output is not 
more than 50 watts, capacity is reduced by two-thirds. 

On the question of progression of silicosis after removal from exposure to dust, a study 
of 46 silicotic workers showed that, after at least four years’ freedom from exposure to 
dust, roentgenogram appearances had not changed for the worse in more than half of the 
patients, and in about half lung function and capacity for work were either improved or 


maintained. E. L. Mrppteton. [ConpENSED FROM Butt. Hye.] 


CONTRIBUTION TO THE Stupy OF HAZARDS OF PNEUMOCONIOSIS IN POTTERIES AND BRICK 
AND TiL—E Works. A UyTpeNHOEF, Arch. belges méd. soc. 13:219-270 (May) 1955. 


The industries here studied have not been added to those having to pay claims for occupational 
diseases, but the processes carried on might be expected to entail a risk of pneumoconiosis. A 
survey was made in 8 stoneware potteries, 38 brickworks and tileworks, as well as 6 factories 
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making earthenware. The processes are fully described, with particular reference to any 
exposures to dust generated, especially in charging and discharging furnaces before and after 
baking. Samples were taken of materials used, such as fire clay, and of dusts in the air, which 
were analyzed for the amount of free silica present. The analyses suggested the possibility that 
prolonged inhalation of the dusts might lead to pneumoconiosis. Hence 253 men were chosen 
who had been employed many years and who had not previously been exposed to any industrial 
dust. Twelve of the men exhibited x-ray shadows indicative of the anteprimary stage of silicosis, 
and two were in the first stage of silicosis. Having regard to the ages of the men, these findings 
hardly exceeded what might be expected in any other group of workers about middle age. The 
conclusion to be drawn from this rather extensive investigation is that the men employed in these 
industries do not run much risk of developing pneumoconiosis. One point of interest is that the 
dusts contain not only a certain amount of free silica but also aluminum silicate, which may 
possibly exert an inhibiting influence on the silica. (Certainly the freedom from silicosis of 
men manipulating fire clays with a high content of free silica has long been a puzzle.) 


L. 


Fatat Case OF CHEMICAL PNEUMONIA IN A METAL Founpry. L. Maricg and J. Naets, 
Arch. belges méd. soc. 13:271-280 (May) 1955. 

The case reported is that of a metal founder who was admitted to hospital with lobar 
pneumonia. The case was complicated by acute and painful diarrhea, and the man collapsed and 
died in a few hours. He was thin and slightly cyanosed. No signs of infectious disease were found 
at autopsy. The man had worked for 10 years in a small foundry, with little ventilation and poorly 
equipped. The alloys in the crucibles included copper, cadmium, nickel, and chromium. Inhalation 
of metal fumes was inevitable when the crucibles were poured. Cadmium was a frequent con- 
stituent, and it was found in the lungs—3.55 mg. per 250 gm. of lung. The lesions found agreed 
with those produced by fumes from metals of the manganese, cadmium, and vanadium group. 
The authors, after consideration, conclude that this was a case of a man, already injured by 
inhaling metal fumes, who contracted chemical pneumonia complicated by an accidental unusual 
dose of cadmium. E. L. Coutis. 


FIBRINOGEN OF THE BLOop IN SILICOSIS AND SILICOTUBERCULOSIS AMONG CoAL MINERs. 
J. Pricnot, Arch. belges méd. soc. 13:423-428 (July) 1955. 

The study reported was made upon 93 coal miners of Campine, who had been employed for 
not less than 10 years with considerable exposure to dust. For each the blood fibrinogen and 
the sedimentation rate were calculated. Each of the men had some degree of pneumoconiosis, 
with or without tuberculosis. The patients were then grouped according to the extent of the 
pneumoconiosis, from slight to advanced, with a separate group for tuberculous patients. The 
results are shown in tables. They indicate that the amount of fibrinogen increases as the pneu- 
moconiosis becomes severer and severer and also with the presence of tuberculosis; pari passu 
with this increase was an increase in the rapidity of sedimentation. The normal values of 
fibrinogen calculated by gravimetric analysis were found to be between 200 and 400 mg. per 
100 cc.; these values rose as high as 520 and even 770 mg. per 100 cc. As the rapidity of 
sedimentation is influenced by other factors as well as by fibrinogen, the correlation here was 
not complete. Et Corts. 


EXAMINATION OF REACTIVITY IN PLumMBism. S. Cupcea, C. RaucHer, P. DEREVENCO, M. 
DELEANU, M. Pop, and E. Gross, Rev. sc. méd. (Bucharest) 2:106-115, 1954. 

The object of the experiments here described has been to show that in cases of exposure to 
lead absorption, or indeed to other toxic material, before any definite clinical signs of toxemia, 
response to nervous excitation is delayed. Groups were chosen of ordinary workers, of others 
who had worked for a short period with exposure to lead, of others with longer exposure, and 
of others with definite signs of plumbism. The tests applied were of reactions to hearing the 
spoken word and also to various electrical stimuli. The latent period which intervened between 
a signal and the response was shown to grow longer as the absorption of lead was more and 
more pronounced. Most of previous work fixing the normal for the length of the delay had 
been carried out by Soviet research workers. The suggestion advanced is that by this means 
lead absorption can be detected before any other known method of investigation. 


E. L. Co 
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CarBon DIsuLFIDE POISONING: REpoRT oF Two Cases. Morris KLEINFELD and IRVING 
TABERSHAW, J. A. M. A. 159:677 (Oct. 15) 1955. 


Two cases of chronic carbon disulfide poisoning are presented. The symptoms, diagnoses, 
and treatments are described. After discussing both cases and considering the experiences of 
others, it is suggested that the maximum allowable concentration be reduced from 20 to 10 ppm 
to provide a greater safety factor in handling this material. 

CHARLES KuRKER JR., Boston. 


METHOD FOR THE DETERMINATION OF CARBON Monoxipe IN BLoop. P. J. LAwTHer and 
G. H. Apruorp, Brit. J. Indust. Med. 12:326-329 (Oct.) 1955. 


The CO from 5 ml. of blood is removed under vacuum using an acid-potassium ferricyanide- 
saponin reagent and a measured volume of air. The air-CO mixture is dried, and the CO 
content determined with an infrared analyzer. 

The analyzer consists of a double chamber containing pure CO. The flexible membrane 
dividing the chamber forms one plate of a polarized electrical condenser. Two beams of 
infrared light are directed onto this chamber, one beam entering each side. The CO absorbs 
the infrared light, resulting in an increase of temperature and pressure within the chamber. 
When the CO-air mixture from the blood sample is inserted between one light source and 
the CO chamber, the CO present in the mixture selectively absorbs the infrared light in 
proportion to the CO concentration, resulting in a smaller pressure increase in one side of 
the chamber and a deflection of the dividing membrane, thus changing the capacitance of the 
condenser. To measure the small variations without zero drift, both beams are “chopped” 
with a revolving shutter. The resulting fluctuation in capacitance produces an alternating 
voltage output across a load resistance which can be amplified. Adjustment of the amplifier 
gain provides convenient ranges of sensitivity. 

The authors report a coefficient of variation of +0.7% on 10 consecutive aliquots of blood 
containing about 3 ml. per 100 cc. CO and +0.6% on a series containing 13 ml. per 100 cc. CO. 


Grant S. Winn, Ph.D., Salt Lake City. 


IDENTIFICATION OF A CARCINOGENIC COMPOUND IN CoAL-TAR. ERNEST KeNNAway, Brit. 
M. J. 2:749 (Sept. 24) 1955. 


A history of the work of Dr. Kennaway and his colleagues at the Research Institute of 
the Cancer Hospital (now the Royal Marsden Hospital), London, on the identification and 
synthesis of the carcinogen in coal tar is presented, covering the years 1922-1937. After 
discovering that gasworks pitch heated to 500 C produced a strongly carcinogenic distillate 
(by experimentation on the skin of mice) and that a polycyclic aromatic carcinogen was 
formed by the condensation reactions of various aliphatics, the Schroeter reaction (action of 
AICl;) on tetralin was found to produce at 30-40 C a vividly fluorescent mixture which 
produced 110 cancers in 496 mice. Fluorescence spectroscopy showed the existence of common 
“cancer bonds” at about 4000 A. in most of the carcinogens. Anthracene and its derivatives 
were shown to possess these characteristic bonds which led to the synthesis of 1,2,5,6- 
dibenzanthracene, the first synthetic carcinogen. This led to the synthesis of several other 
carcinogens of similar structure. In 1930 two tons of gasworks pitch were distilled and ex- 
tracted, and by using the fluorescence spectra as a guide, two compounds isomeric with the 
pentacyclic aromatic perylene were found and purified. The properties of these substances led to 
the synthesis of 1,2-benzpyrene and 3,4-benzpyrene, which were shown to be identical with 
the isomers above. The latter was found to be highly carcinogenic, and thus the structure of 


a carcinogen found in coal tar was determined. 


Bacassosts. J. N. Sincu, J. Indian M. A. 25:304-306 (Sept. 16) 1955. 


Bagasse is the residue of the sugar cane after the juice has been extracted from it. This waste 
product of the sugar industry is used for making paper. At a paper mill bales of bagasse are 
broken, and the bagasse is crushed, treated with chemicals, and reduced to a pulp. In these 
processes dust is generated which, when inhaled, may cause bagassosis among the workers. 
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Other raw materials used in paper making do not cause such trouble. The condition seems to 
be an allergic condition developing after 6 to 12 months’ exposure to the dust. It starts with an 
unproductive cough and dyspnea; the chest feels tight; there is anorexia and loss of energy. 
There may be mild pyrexia for a few weeks, during which period an x-ray picture shows dense, 
patchy shadows resembling bronchopneumonia. The blood picture is unaltered. The clinical 
picture is that of bronchial asthma. Individual susceptibility varies greatly. The disease reappears 
or is aggravated by return to work. Nine case reports are given. Complete rest, with a course 
of procaine penicillin for 10 days, is effective. Antiallergic drugs will relieve asthmatic symptoms. 
There is not evidence that the disease is a bacterial infection or that it is in any way associated 
with pulmonary tuberculosis, although five cases of this were detected among 200 of the workers. 
The x-ray appearances are illustrated. Coutus. 


BLoop GLUTATHIONE AND HybDROCYANIDE Portsontnc. G. PAULET, Compt. rend. Acad. sc. 
240: 1665-1667, 1955. 


The blood glutathione increases during intoxication with hydrocyanide. The relative 
importance, in bringing about this change, of the increase in circulating red cells and the 
mobilization of liver glutathione is discussed. The major part of the increase occurs in the 
venous blood supporting the second mechanism of hepatic discharge. 


This phenomenon explains the good results obtained in hydrocyanide poisoning by the injec- 
tion of glutathione. 


The part played by glutathione in the oxidation-reduction reaction of cellular respiration 
is described. 


PaTHOLoGy oF Antimony. G. AIELLO, Folia med. 38:100-110, 1955. 


The occupational Sb toxicology is reviewed. The most general symptoms are of the intestinal 


type, usually diarrhea. Rheumatic and neuralgic symptoms follow. The most efficacious remedy 
is BAL. 


CHEM. ABSTR. 


MOLYBDENUM IN Brotocy. N. CASTELLINO, Folia med. 38:201-220, 1955. 


The paper is largely a review supplemented by the author’s own experiments. Rabbits given 
0.2 gm. of molybdenum metal orally per day developed intestinal disturbances and became 
cachectic, dying at an average after two months. The liver showed degeneration, the kidneys 
severe changes of the convoluted tubules; there were gastric ulcers and disseminated intestinal 
lesions. Sodium molybdate produced essentially the same results. Intravenous injection of 5 cc. of 
a 0.4% solution caused severe diarrheas. Reduced doses of 0.15 gm. caused death after 40 days. 
Autopsy showed liver degeneration, intense renal damage, pulmonary stasis, and deposits of 


molybdenum in the spleen. Molybdenum sulfide orally caused more intensive diarrheas but per- 
mitted longer survival. Inpust. Hyc. DicEst. 


PotsonInG DuE TO ANTICHOLINESTERASIC INSECTICIDES. A. TAVERNARI, U. BONOLI, and 
A. CAVALLINI, Med. lavoro 46:270-279 (April) 1955. 


Clinical description is given of two cases (one fatal) of acute parathion poisoning occurring in 
a farmer who had used insecticide solutions on trees and in a woman who had eaten peppers 
gathered near an orchard sprayed with parathion. The pharmacological action, findings, therapy, 
and prophylaxis of parathion poisoning in farmers using insecticide solutions in spraying are 
briefly reviewed. 

iefly reviewed From THE AUTHORS’ SUMMARY. 


TREATMENT OF PARATHION H. J. Kranzve, Deutsche med. Wehnschr. 79:1756- 
1757 (Nov. 19) 1954. 


In an attempted suicide a young woman ingested 4.5 ml. of a 10% parathion solution. Coma 
and other characteristic symptoms of parathion poisoning were present. Treatment with a total 
of 15 mg. of atropine, both intravenously and hypodermically, in a period of two hours, and 
cardiac stimulants was not successful. The dosage was increased, and 45 mg. of atropine in all 
was given intravenously in the next three hours. Improvement resulted, but atropine was con- 
tinued seven hours longer. Recovery of the patient was complete. A total of 71.5 mg. of atropine 
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was given. It is considered that the tolerance to atropine is the result of the action of parathion 
on the parasympathetic system. Stress is laid on the importance of ignoring the official dose 
range of atropine, as only extremely high doses, which might be dangerous in other circumstances, 


are likely to save life in parathion poisoning. ——_—_ 


EXPERIENCES AND RESULTS OF THE DETERMINATION OF THE LEAD CONTENT OF THREE 
THousanp BiLoop SampLes. F. Portuetne and H. ZIMMERMANN, Klin. Wehnschr. 
33:474-477 (May 15) 1955. 

Some of the difficulties in the accurate diagnosis of lead poisoning are briefly considered in 
this paper as an introduction to the subject of the actual determination of the amount of lead 
in the blood. Various laboratory methods devised for this determination are mentioned, and their 
possible defects are stated. The authors’ method of analysis is described. The blood sample is 
digested by a mixture of sulfuric and nitric acids, after which the lead is determined by the 
dithizone method. Full technical details are not given, but there is some account of the results 
of a number of experiments which have led to the statement that the method is absolutely 


accurate. M. E. Devariecp, Hye.]. 


EXPOSURE AND HAZARDS FROM ORGANIC MERCURY COMPOUNDS IN CONNECTION WITH SEED 


DRESSING ON SMALL FarMs. GuNNAR Btoom, Kart-Davip LuNnpGREN, and AKeE 
Swensson, Nord. hyg. tidskr. 36:110-117, 1955. 


In earlier papers, the authors (K.-D. L. and A. S.) have reported studies on the exposure 
and hazards in handling organic mercury compounds at seed control stations, seed dressing plants, 
and plants producing the seed disinfectants. In this paper a study on exposure and hazards in 
connection with seed dressing on small farms is reported. Eighty-nine small farms in the middle 
of Sweden were visited during the seed-treating season in the spring, and urine specimens were 
received from sixty-two persons immediately after the treating was finished. On these small farms 
seed was treated during one or two days only, but the work was performed, as a rule, under 
rather poor conditions. 

Some persons experienced slight catarrhal symptoms, especially when powder was used. In 
no case were any symptoms of general poisoning reported. Mean value of mercury excretion in 
the urine was 6.17 per liter of urine. About half the group did not excrete mercury at all, the 
rest up to 19% per liter of urine. No difference between treating with powder preparations and 


oil preparations was found in this respect. . ei 
From THE AuTHORS’ SUMMARY. 


INDUSTRIAL THALLIUM PorsoninGc. J. GLOMME and B. SjOstrOM, Svenska lak. 52: 1436-1441 
(June 3) 1955. 


At the center for industrial diseases of the Karolinska Hospital in Stockholm four cases of 
occupational thallium poisoning have been investigated. The patients were engaged in the 
industrial manufacture of rodenticides and came from four different workshops. The sulfate 
of thallium had been employed partly in the dry state, partly in solution for the impregnation of 
corn. The patients, who did not suspect thallium poisoning when they were first medically 


examined, had been careless in handling the powder without gloves and may well have spilt 
the solution on skin and clothes. Sensory changes in the distal parts of the limbs were 


accompanied by only minor and uncertain signs of polyneuritis. In only one case was alopecia 
definitely demonstrable. One of the patients was a woman, aged 48, who had handled thallium 
for four years. After about a week’s continual exposure to thallium she complained of tingling 
in her hands (fingertips in particular) and in the soles of her feet and toes. In the absence of 
definite signs of polyneuritis, her symptoms were at first regarded as climacteric, and it was not 
till thallium was found in the urine that the correct diagnosis was established. It now transpired 
that the patient’s symptoms had varied from time to time with the degree of exposure to thallium. 
Glémme and Sjéstrém conclude that it should be comparatively easy to prevent thallium 
poisoning by taking simple precautions when it is handled. In Sweden the preparation of 
thallium-containing rodenticides is undertaken in many different places as “small industrial” 
concerns, and as the symptoms are apt to be of a quite general character and nonspecific, 
the examining phyician will find careful history-taking quite helpful. 
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Environmental Conditions 


Some ToxicoLocic Aspects oF ATMOSPHERIC PoLLuTION. Norton Netson, Am. J. ‘Pub. 
Health 45:1289 (Oct.) 1955. 


This article (1) summarizes the nonspecific effects of respiratory irritants found in polluted 
air and (2) indicates the possibility of a relation between lung cancer and atmospheric pollution. 
1. After showing that the concentrations of toxic materials found in urban and rural air are 
much less than the accepted MAC’s, it is pointed out that respiratory irritants can impose an 
additional stress on a burdened respiratory or cardiac system at concentrations well below the 
MAC. The Donora and London incidents are cited to show the effects of pollutants on persons 
with preexisting bronchial or heart disease. In the latter case the correlation of a number of 
deaths with SO: concentration is used to show that, at concentrations of slightly more than 
10% of the MAC, the effects of a specific pollutant may still be of great importance. The work 
of Dr. Mary Amdres is quoted at length to show that, at concentrations of SOz below the level 
of detection by man (<2 ppm) (MAC = 10 ppm), functional changes occur in man (respiratory 
rate, pulse rate, and tidal volume). A hypothesis is presented that a water-soluble gas in droplet 
form can be five times as toxic as the same material in gaseous form because of decreased 
absorption in the upper respiratory tract. 2. To modify any air pollution-lung cancer correlation, 
the effects of smoking are reported, reference being made in particular to Dr. Cuyler Hammond’s 
interim report (1954) of a prospective epidemiologic study which shows the most persuasive 
evidence of a smoking-lung cancer relation. For the air pollution effect, the causal relations 
found in the specific cases of chrome chemical manufacturing and mining of radioactive ore 
are cited. Although proved carcinogens are shown to be present in the atmosphere, e. g., 
benzpyrene, it is emphasized that better statistical information is needed before any definite 
conclusions can be made in the general air-pollution situation. 


Davip M. ANDERSON, Boston. 


EFrects OF WATER AND SALT INTAKE UPON THE PERFORMANCE OF MEN WORKING IN Hot 
AND Humip EnvrironMENTs. W. S. S. Ladell, J. Physiol. 127:11-46 (Jan. 28) 1955. 


There is considerable evidence that drinking improves the performance of men working in 


the heat, but the belief that drinking also causes increased sweating is less well substantiated. 

In the first two series of experiments here described, four trained but not hyperacclimatized 
subjects carried out a routine of step-climbing in hot environments (a) with 93 F dry-bulb 
temperature and 91 F wet-bulb and (b) with dry-bulb and wet-bulb temperatures of 95 
and 93 F. In both environments the air speed was 100 ft. per minute. In the cooler conditions 
full naval antiflash gear was worn, and in the hotter conditions the men wore only shorts. 
Water or saline (0.1%, 0.2%, or 0.5%) was drunk during the period of exposure. 

In the remaining experiments hyperacclimatized subjects were used. These subjects did not 
drink during some experiments, and in others they drank water or saline (0.2% or 0.5%). 
In yet other experiments these subjects (1) drank water to equal the loss of sweat, or (2) 
drank 10% saline to make up the estimated loss of salt but took no other water, or (3) drank 
water and salt to equal the estimated losses, or (4) took neither water nor salt. 

The subjective effects of these treatments were more marked than the objective effects. 
The chances of failure to complete a task increased with increasing water deficit, and fatigue, 
usually sudden in onset, was more pronounced when the water debt was high. 

The rate of sweating tended to be lower when saline was drunk. Abstention from water 
had no effect on the sweat rate until a water debt of more than 2.5 liters had been incurred. 
In this respect sweating behaves similarly to urine excretion and salivation during dehydration. 

Thermal equilibrium was established at a higher level in those who abstained from drink- 
ing than in those who did drink, and in those not taking salt than in those who took salt. 

During recovery the heart rate increased with rectal temperatures less rapidly when salt 
or saline was taken than when water only was drunk or when there was no drinking. Those 
who took salt had faster heart rates at lower rectal temperatures, and slower at higher rectal 
temperatures, than those who took water only. 

Those who drank water or saline tolerated exercise better than those who did not drink 
or took salt only. 

When salt was taken, the chloride content of the sweat was higher. 
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The changes in thermal equilibrium and in heart rates can be predicted from the changes 
in the volume of intracellular fluid, which can themselves be computed with reasonable accuracy 
from the water and salt losses using an equation given by the author. 

Apparently contradictory responses to given conditions by different men at the same time, 
or by the same man at different times, can be traced to variations in the rate of sweating and 


differences in the rate of loss of sodium chloride, which shift the water and salt balances in 
different ways. Tuomas Beprorp [Butt Hye]. 


TOLERANCE OF MEN TO WorK IN Hot, SATURATED ENVIRONMENTS WITH REFERENCE TO 
Mines Rescue Operations. A. R. Linn, R. F. HELton, J. S. WEINER, and R. M. Jones, 
Brit. J. Indust. Med. 12:296-303 (Oct.) 1955. 


Thirty-six members of the mines rescue personnel, wearing self-contained breathing 
apparatus, were exposed to stipulated work routine in various saturated environments, and their 
tolerance times were determined. 

Measurements were made of rectal temperatures by means of an indwelling rectal thermo- 
couple (details for construction are given); pulse rates were counted by palpation over 30 
seconds ; sweat losses were determined by nude weight losses; blood pressures were taken with 
sphygmomanometer and stethoscope; metabolic costs of work and rest were measured with 
use of Douglas bags, and inspired-air temperature within the breathing apparatus was taken 
by means of a 30 s.w.g. thermocouple. 

There was no demonstrable difference in tolerance times of men in two age groups (19-31 
and 39-45 years), although minor physiological differences were detected. 

No difference was found in the ability of men in three occupational groups to work in 
saturated environments. 

The use of the information on tolerance times as it affects the mines rescue service is 
discussed. 


From THE AUTHORS’ SUMMARY. Grant S. Winn, Ph.D., Salt Lake City. 


MepicaL Prosp_eMs ARISING FROM WorRK AT HIGH TEMPERATURES: ACCLIMATIZATION OF 
Rescue Workers. F. LAvVENNE and D. BeELaAyew, Communication 123, Hasselt: Institut 
d’Hygiéne des Mines, Dec. 29, 1954. 


Members of mine rescue teams who are not acclimatized to work at high temperatures may 
become heat casualties if they are called upon to engage in rescue work in the event of an 
underground fire. Since 1950 rescue workers in the Borinage coal field in Belgium have under- 
gone periodic training in a climatic chamber maintained at a temperature of 42 to 44 C (108 
to 111 F), with a relative humidity of 25% to 40%. The spell of work in a training session 
extends over a period of two hours, during which time breathing apparatus is worn. 

The training session begins with ascending and descending a total height of 45 m. of stairs. 
This is followed by a walk of 2.5 to 3 km. on a horizontal track at a speed of 4 to 5 km. 
per hour. Then the men walk 22 times up and down an inclined plane with a gradient of 
23 degrees. The plane is 11 m. long and only 1.2 m. from floor to ceiling. Finally, there is 
a further walk of 2.5 to 3 km. on the level. The authors have been unable to measure the total 
energy cos‘ of this work with any precision, but they estimate that the average rate of energy 
expenditure is at least 200 kg.-Cal. per square meter of body surface per hour. 

In men who had from 2 to 16 previous training sessions, the mouth temperature rose by 
0.4 to 2.4 C (average 1.5 C) during the two-hour spell. The maximum mouth temperature 
occurred at the middle of the work spell and averaged 38.6 C, with a range of 37.5 to 39.6 C. 
The pulse frequency observed at the middle of the working period averaged 158 beats per 
minute, with a maximum in one case of 188 beats, and at the end of the working spell the 
average was 129, with a maximum value of 164. The average loss of sweat in two hours was 
2.1 liters, with a variation between 1 and 3.1 in different men. 

In only 8 out of 256 exposures were men unable to complete the work, and in each of these 
instances the affected person recovered rapidly when moved to a cooler place. 

The authors have not been able to decide on the ideal frequency of training periods such 
as those described. For administrative reasons training can be given only once in six weeks, but 
even with this interval between sessions the rescue men retain at least some measure of 


acclimatization. Tuomas Beprorp [Butt Hye]. 
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Determination of Air-Borne Contaminants 


Rapip Detection OF ANILINE Vapors In Arr. A. RIEHL and Kart F. Hacer, 
Analyt. Chem. 27:1768-1769 (Nov.) 1955. 


Aniline vapor in concentration above 5 ppm (by volume) in air is known to be toxic. 
Current applications of aniline have made it imperative that a fast and simple field method 
be developed. The concentration of aniline vapor in the air can be determined easily and 
rapidly by use of paper strips impregnated with the liquid or vapor of a furfural-acetic acid 
mixture (4%, by volume, in glacial acetic acid). The test paper turns from white to pink 
or red in the presence of aniline vapor, having a range of determination from 5 to approxi- 
mately 150 ppm. The speed and intensity of color development increase with the concentra- 
tion of aniline vapors. The test is specific for aniline in the presence of many other organic 
vapors. The reagent mixture has a life of at least one month at room temperature. 


From THE AuTHOoRS’ SUMMARY. 


FORMATION OF PHOSGENE BY THE ACTION OF Hot SURFACES AND Its ABSENCE WHEN 
Togsacco Is SMOKED IN ATMOSPHERES CONTAINING CHLORINATED HYDROCARBON 
Vapours. J. Litre, Brit. J. Indust. Med. 12:304-308 (Oct.) 1955. 


Comparative tests made by passing atmospheres containing certain chlorine-containing sol- 
vent vapors through a heated silica tube show that phosgene is formed when the surface 
temperature is greater than 400 C. 

A test for phosgene in an atmosphere has been developed which can be applied to measure 
a concentration of 0.05 ppm by volume. 

An experimental technique has been devised to apply this test to determine the phosgene 
in the exit gas from the cigarette which is inhaled and in the atmosphere surrounding the 
glowing tip, when cigarettes are smoked in these solvent-contaminated atmospheres. In no 
case was phosgene detected, and, even when phosgene was added to the atmosphere, it was 
destroyed by passage through the cigarette being smoked. 


From THE AUTHOR's SUMMARY. GRant S. Winn, Ph.D., Salt Lake City. 


METHODS FOR THE DETECTION OF Toxic GASES IN INDUSTRY: CHLORINE. Department of 
Scientific and Industrial Research, Leaflet 10, H. M. Stationery Office, London, 1955. 


The original leaflet was published in 1939 (Bull. Hyg. 15:6, 1940). In this revised edition 
the sections on occurrence, poisonous effects, and first aid have been rewritten, but only minor 
amendments have been made to the sections dealing with the method of detection. 

The effects of various concentrations of chlorine in air are set forth. More than 10 ppm 
(by volume) may cause serious effects, immediate or delayed; 10 ppm will cause severe cough- 
ing and eye irritation within one minute, while with 4 ppm there will be slight smarting 
of the eyes and irritation of the nose and throat. With only 1 ppm there will be no effects. 
There is evidence of some habituation to an amount of gas that would be very uncomfortable 
to newcomers. 

The test for detection depends on the interaction between chlorine and a dilute solution 
of o-tolidine to give a yellow compound which can be estimated colorimetrically. By means 
of a hand pump of specified capacity, air is drawn through a bubbler of the o-tolidine solution 
until the depth of color produced matches one of a series of standards prepared from potas- 
sium dichromate solution. Then the concentration is ascertained from the number of pump 
strokes required by reference to a table. Full details of the pump and bubbler and of the 
preparation of the reagent and the standard colors are given; the testing procedure is laid 
down, and a table relating the concentration to the number of pump strokes is given. 

The brief section on first aid mentions that where there is a risk of chlorine poisoning 
there should be displayed a wall notice, Factory Form 395, which deals with dangers of gassing 
and burns and gives details of the treatment of casualties. It is emphasized that anyone 
who has been gassed with chlorine should be examined by a physician, since serious symptoms 
may not appear unti! two days after exposure. 


Tuomas Beprorp 
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ABSTRACTS FROM CURRENT LITERATURE 


Some PRINCIPLES OF AIRBORNE Dust SampLine. J. G. Dawes, B. A. Macurre, and D. L. 
Tye, Research Report 102, Safety in Mines Research Establishment, Sheffield, Aug., 1954. 


In this report the authors bring together the information they have collected concerning the 
behavior of dust clouds in coal mines, in order that dust sampling may be economically per- 
formed and that the scope and limitations of the data it furnishes may be appreciated. 


At distances greater than 10 roadway diameters from the source of dust the air-borne 
concentration is substantially uniform over the cross section of the roadway, and particles 
within the respirable range (0.54-54) do not deposit appreciably over distances up to 100 
yd, from the source. Short-term fluctuations are less important at a greater distance from 
the source. Fluctuations in dust concentration are large, and either large numbers of short- 
period samples or a continuous sample are required to give a reliable mean. The relation 
between the shift mean and the mean of peaks, the differences of dust concentrations between 
shifts, and the correlation between thermal precipitator and P.R.U. hand pump results are 


Giocussed. J. McK. Ettison [Butt. Hye.]. 


MEASUREMENTS OF Dust CONCENTRATION IN CEMENT WorkKS. W. Knop, Zentralbl. Arbeits- 
med. u. Arbeitsschutz 5:72-75 (May) 1955. 


In the manufacture of cement it is impossible to avoid making dust, which may escape in 
clouds and cover the countryside around the factory; furnace gases escaping from the rotary 
ovens are particularly heavily charged with dust. Estimation of the efficiency of plant for 
collecting dust before it can escape into the atmosphere is a difficult business for reasons 
which are explained in this article. 

A method is described which depends on the suction of a sample of gas through a cyclone 
followed by a filter; those collect, respectively, the coarse and fine particles suspended in the 
main gas stream. 

The sampling nozzle is equipped with total and static pressure tubes, so that the sampling 
velocity can be adjusted to suit the flow of gas; suction is provided by an ejector drawing 
through a standard orifice plate for measuring the rate of aspiration. 

Some figures are given for five rotary ovens provided with electrical dust removing equip- 
ment. When clinker was being produced at about 12 tons per hour, the concentration of dust 
in the raw flue gas was between 21 and 35 gm. per cubic meter; the cleaned gas contained 
from 0.25 to 2.4 gm. C: Dewees 


Ventilating, Air Conditioning and Engineering Control 


Stupy oF THE HEALTH Hazarps INVOLVED IN WORKING WITH FLAMEPROOFED FABRICS. 
Irvinc EttTiInGer and Martin JEREMIAS, Month Rev. New York State Department of 
Labor 34:25-27 (July) 1955. 


Certain textiles are flammable to such an extent as to render them unsafe for the wearer. 
The “Flammable Fabrics Act” was passed because of such textiles. Use of fire retardants has 
been attempted since the fourth century B. C. Impregnating the fabric with urea formaldehyde 
or melamine resins is the method most commonly used today. Several theories of the fire 
retardant’s action are mentioned. Urea formaldehyde resins tended to give employees in the 
garment industry eye, nose, and throat irritations. Remedial procedures were suggested but 
proved to be impractical because’ of the high costs of ventilating equipment and also because of 
the objection of the women employees to wearing unsightly and cumbersome side-shield glasses. 
The flameproofing of nylon netting and the means of eliminating the industrial hazards are 
discussed. Use of acid catalysts to assist polymerization appears to be the best solution to 
the problem. Recently much progress has been made so that flameproofed materials do not 


present the hazards to workers that they did. C. KurKer Jr., Boston. 


Tuirty-SECOND ANNUAL REPORT ON SAFETY IN MINES RESEARCH, 1953. A. H. A. Wynn, 
Drrector, Ministry of Fuel and Power, Safety in Mines Research Establishment, H. M. 
Stationery Office, London, 1954. 


A full abstract of this report, which describes a wide variety of research concerned with 
safety and health in mines, is given in the Bulletin of Hygiene (Bull. Hyg. 30:774 [Sept.] 1955). 


517 


Re 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


DEPOSITION OF Dust oN CoNveEyorR Roaps. F. BrapsHaw, A. L. GopsBert, and E. LEAcn, 
Safety in Mines Research Establishment, Research Report 106, Sheffield, Oct., 1954. 

Arr Conpitions In Hor Mines. V. O. STEED, J. Chem. Metal. & Min. Soc. South Africa 
55:261 (May) 1955. 


From a heat survey made in five South African mines, the author arrived at the following 
conclusions for the control of mine atmospheres. 

The maximum wet-bulb temperature for safe and efficient work in mines is 87.5 F when 
the air is nearly saturated with moisture. Above this limit working efficiency falls off rapidly, 
and the danger of heat stroke greatly increases. 

Refrigeration is not very efficient in cooling deep mines, because the greater difference 
of temperature between rock and air quickly reheats the air with considerable loss of cooling 
power. The limited benefit of cooling results largely from the reduced absolute humidity, 
provided that the moisture content is not allowed to rise by contact with moist surfaces. 

The author feels that the use of preventive measures may, in the long run, prove more 
practical than the use of refrigeration in deep mines. In his opinion the absence of a refrigerating 
plant makes the workers more heat-and-ventilation conscious, and they are likely to cooperate 
more effectively in preventing evaporation of underground water and in ventilation control. 
With air cooling, on the other hand, the relative coolness experienced at stations and intake 
airways is apt to dull their awareness of the need to prevent evaporation of underground 
water and of the necessity for ventilation control. These factors may nullify to a large extent 
the benefit of artificial cooling. Observations made in refrigerated and nonrefrigerated mines 
indicate that equally good results can be obtained by preventive measures without the use 
of refrigeration, presumably because of the operation of the above factors. 

The recommended preventive measures consist in covering damp surfaces exposed to air 
currents, draining, and pumping out point water sources directly to the outside. For the 
control of ventilation where adequate return airways are available, the author recommends 
bringing in the hot, dry air via dry intakes to the working faces, then cooling the air by 
evaporation of water, and finally discarding the used air when its wet-bulb temperature 
exceeds 87.5 F. In this way the dry-bulb temperature is reduced immediately by evaporative 
cooling, whereas the rise of wet-bulb temperature is slow, allowing time for the air to pass 
out of the stopping areas before the wet-bulb temperature can reach the danger point. All 
the available air supply should be sent to the working face by cutting off the ventilation to the 


worked-out areas. C. P. YaGtLou, Boston. 
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Compiled by U S. Department of Health, Education, and ‘Welfare Public Health Service 
Occupational Health Program, 1014 Broadway, 


Cincinnati 2, Ohio 


With the increasing uses of radioactive ma- 


terials and radiations from other 
sources, local occupational health departments 
are assuming responsibilities for health and 
safety in this broad field. The Los Angeles 
Division of Occupational Health is especially 
fortunate to have a mobile laboratory to facili- 
tate its work. Jack C. Rogers, Division Director, 


describes some of the work in this article. 


ionising 


Since 1947 the Division of Occupational 
Health of the Los Angeles City Health De- 
partment has continually received informa- 
tion from the Atomic Energy Commission 
regarding the use of radioactive substances 
sold under Atomic Energy Commission au- 
thorization in the Los Angeles area. Since 
1951 a running record has been maintained 
on all isotope users. 


Investigations have been conducted by this 
Division into the health and safety practices 
in establishments using such materials. At 
the same time the Division has reviewed the 
operations of traditional users of radioactive 
substances, such as radium in the watch-dial 
painting industry and radiation for medical 
or industrial purposes. 

In the last few years more emphasis has 
been placed on education and control by local 
health departments. As a result there are 
more than 125 individual places in Los Ange- 
les using radioactive isotopes that are subject 
to local control. These users of radioactive 
isotopes and other producers of ionizing radi- 
ation include hospitals, research centers, 
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RADIOLOGICAL HEALTH 
The Los Angeles Program 


medical offices, and industrial users. All have 
been inspected by the Industrial Hygienist 
as part of the control program. Where radi- 
ation detection equipment has indicated 
the presence of uncontrolled radiation, the 
situation has been called to the attention of 
the proper authorities. 

A mobile radiation detection laboratory 
( Fig. 1) has been assigned to the Los Ange- 
les Division of Occupational Health by the 
California State Office of Civil Defense, 
Radiological Services, and has been used in 
connection with the radiation survey and 
control program. Proper use of the mobile 
unit has required the training of personnel of 
the Division. 

Two other departments in the city govern- 
ment, the laboratory of the Hyperion Sewage 
Treatment Plant and the Bureau of Stand- 
ards, also have shown interest in the Divi- 
sion’s radiation studies, and individuals from 
both departments have participated in train- 
ing programs. 

At present personnel outside the Division 
are being trained in the use of nuclear scaling 
devices and other electronic equipment used 
to detect the presence and measure the level 
of radioactivity. 

Through the mobile units the Division has 
been surveying x-ray equipment in use in city 
health facilities (Fig. 2) as well as all x-ray 
units that are being used in Los Angeles in 
connection with the chest x-ray program of 
the Health Department’s Tuberculosis Divi- 
sion. 
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The Division’s mobile radiation laboratory 
also is being used in the analysis for radio- 
activity of routine water samples collected by 
the city’s Sanitary Engineering Division 
(Figs. 3, 4, and 5). 

In another project, initiated in cooperation 
with the Nevada bomb tests of the Atomic 
Energy Commission, an air sampling pro- 


Fig. 2. — A Division 
scientist checks stray ra- 
diation around a machine 
for taking chest x-rays. 
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Fig. 1. — The mobile 
radiation laboratory of the 
Division of Occupational 
Health, Los Angeles De- 
partment of Health, is 
shown on a field opera- 
tion. The men are par- 
ticipating in a study of 
air-borne radioactivity, in- 
volving collection of dust 
samples and assembling 
of wind velocity and di- 
rection data. 


gram of Los Angeles atmosphere has been 
conducted by the Division. Analyses are made 
on scaling equipment for the exact quantities 
of radioactivity present. Over a period of 
years the Division has been able to accumu- 
late background information on air and water 
as well as specific counts of food samples, 
rainfall samples, stream samples, beach sand 
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Fig. 3.—Water samples, collected as part of an 
environmental exposure survey, are evaporated onto 
a planchet for a radiological assay. An infrared 
lamp speeds evaporation. 


samples, and samples of miscellaneous ma- 
terials. 

Approximately 800 such samples have been 
analyzed and catalogued in the last 18 
months. 

It is through such activities as these that 


the Division makes sure, so far as possible, 


Fig. 4.—After evaporation of the water, the dried 
planchet is placed in a leaded “pig” to be counted 
by a Geiger tube in the container. 


that all radioactive materials in the Los Ange- 
les area are adequately controlled, safely 
handled, and disposed of properly and that 
personnel are trained to do these jobs. 


Jack C. Rocers, Director 
Division of Occupational Health 
Los Angeles City Health Department 


Fig. 5.—The sample, sus- 
pected of contamination, 
is counted to make an 
exact determination of its 
radioactivity, and from 
this information the labo- 
ratory can make a report 
on possible worker ex- 
posure in the area. 
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SAFETY MEASURES IN THE 
TUBERCULOSIS LABORATORY 


In a recent issue of the Medical Technicians’ 
Bulletin appeared an article entitled “Safety in 
a Tuberculosis Laboratory.” Concurrently, a 
revision of Tuberculosis Laboratory Methods, 
prepared by the Subcommittee on Laboratory 
Methods (William Dye, Chairman, W. C. Morse, 
R. A. Patnode, and E. Runyon) following the 
14th Veterans Administration-Army-Navy Con- 
ference on Chemotherapy of Tuberculosis, was 
published. Because of the importance of proper 
personal precautions in any laboratory dealing 
with infectious materials, the safety measures 
outlined by this subcommittee are considered im- 
portant enough to be repeated in full. 


A well-organized laboratory which is 
staffed with intelligent and careful workers 
is probably a safer place, from the standpoint 
of contracting infectious disease, than are 
crowded streetcars, stores, or theaters. 


The most important safety precaution is 
diligent, intelligent carefulness. It is impor- 


tant, above all, to be ever mindful of the 
tendency to develop a false sense of security 
in using the various safety devices. None is 
infallible. The best 6-ply, close-fitting mask, 
for example, may approach 100% effective- 
ness, but the usual mask, as ordinarily worn, 
is certainly not nearly as good. Alcohol, em- 
ployed as a disinfectant, may require several 
minutes to kill bacilli. No safety hood is 
perfect in removing all infected air from the 
work area; some eddies and cross currents 
occur by which a portion of the infected air 
may escape from the hood and be inhaled by 
the worker. Furthermore, most safety de- 
vices impose somewhat awkward working 
conditions, and this may be at first a greater 
hazard than not to use the device, be it hood, 
rubber gloves, or pipette. It is essential to 
become proficient with any new device before 
using it with infectious material. There is no 
substitute for skill and care. 

1. Here are some specific hazards encoun- 
tered in tuberculosis laboratories and meas- 
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ures which may be taken to avoid or mini- 
mize them : 

(a) Aerosol formation (dispersal of infec- 
tious material) during the opening of speci- 
men containers, especially if these have been 
tightly stoppered and stored where fermenta- 
tion could occur. 

Keep specimens refrigerated (if in stoppered con- 
tainers). 


Cover stopper or cap with cloth or cotton moist- 
ened with disinfectant when opening. 


Work in safety hood (see Par. 2a). 


(b) Aerosol formation during transfer of 
tuberculous material to microscope slides, 
digestion tubes, and cultures. Splashing may 
occur when pouring. If sputum is spread by 
pressing it between the microscope slides, 
there may be a spattering of minute droplets 
when the slides are separated. 


Work in safety hood. 

Wear mask and other protective cover 
Par. 2b). 

Minimize spattering by using appropriate manipu- 
lation. Avoid bubble formation. 


(see 


Use splash-proof containers (See Par. 2c) for 
contaminated waste. 


Reduce to a minimum the movements of con- 
taminated articles, such as pipettes; have discard 
receptacles (see Par. 2d) close at hand. 


(c) Spattering caused by flaming a trans- 
fer loop. 

Clean loop in a flask containing sand and a dis- 
infectant, such as 5% phenol, before flaming, or 


use enclosure around the flame or other heating 
element. 


(d) Mouth contacts with infectious ma- 
terial. Ingestion of tubercle bacilli may occur 
from aspirating the contents of a pipette or 
from a finger contamination by touching the 
end of a pipette. 

All contacts with the mouth are to be avoided in 
contaminated areas—smoking, drinking, eating, and 
the use of mouth pipettes. Several types of pipettes 


and rubber bulbs are available, or a simple vacuum 
device may be used. 
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(e) Contacts with contaminated material 
via hands, flies, pencils, or other articles. 


All contaminated materials should be promptly 
enclosed in completely covered containers and 
promptly autoclaved or incinerated. Sputum smears 
should be fixed promptly. Hands should be washed 
frequently and thoroughly, and rubbed with liberal 
amounts of 70% isopropyl or ethyl alcohol. Five 
per cent cresol (phenol) or other effective disin- 
fectant should be used at least once daily on all 
possibly contaminated areas. 


(f) Aerosol formation in grinding of tu- 
berculous material with mortar and pestle or 
with a mechanical homogenizer. 


Use safety hood; this is always important and 
particularly so if a paint shaking machine is being 
employed. 

The homogenizer should be enclosed in a towel 
dampened with disinfectant or in an airtight shield 
and should be run at slow speed. 


(g) Infection from discharges of infected 
animals via flying fur, dust in animal room, 
and aerosol formation at inoculation or au- 
topsy. 

Maintain maximum cleanliness in animal quarters. 

Use disinfectant oil on floors. 


Wear protective caps, gloves, masks, and gar- 
ments. 


Wear plastic transparent face shield, and use 
needles which are locked to syringes for animal 
inoculations. 


Autopsies on possibly tuberculous animals should 
be made in a special hood. 


Do not autopsy animals before blood has had an 
opportunity to clot. 
Provide convenient shower facilities. 


(h) Accidents such as breakage of glass- 
ware containing tuberculous material, espe- 
cially when this occurs in centrifuge or shak- 
ing machine. 


The worker must permit no distraction, be at all 


times alert and mindful of what he is doing, and ~ 


be prepared to deal intelligently with any accident. 
Accidents in the centrifuge may be almost com- 
pletely eliminated by a careful selection of centri- 
fuge tubes with regard to proper size and freedom 
from flaws, use of the proper size cup and cushion, 
and use of padding if indicated. 

Placement of centrifuge and shaking machine in a 
cubicle equipped with ultraviolet irradiation and 
filtered exhaust is a wise precaution. A room in 
which any considerable dispersal of infectious ma- 
terial has occurred should remain tightly closed 
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and unoccupied while ultraviolet irradiation (see 
Par. 2e) and vaporizing disinfectant are allowed to 
act. 


2. Here are descriptions of the safety pre- 
cautions which have been alluded to: 

(a) Safety bacteriological hoods generally 
have a sloping, rather than a vertical, glass 
front in order to provide close observation 
of the work area. Close observation of mi- 
nute details at autopsy makes a lower position 
of the glass more desirable in an autopsy 
hood than in a hood where much pipetting 
is to be done or tall glassware is to be used. 
In any case provision for easy access to the 
work area should be made. This may be ac- 
complished either by having the glass hinged 
at the top or, better, by sliding as a counter- 
poised window; the latter arrangement is 
superior in that it provides for adjustment to 
workers of different stature. The glass must 
be heat-resistant and should be enclosed in 
a metal frame. 


Essential facilities within the hood are gas, 
electricity, illumination, ultraviolet light, and 
receptacles for contaminated pipettes and 
other glassware. 


Water and a source of negative pressure 
are desirable. Exhaust is, of course, essen- 
tial, and it is desirable that it be variable. Only 
gentle air movement is permissible when the 
maintenance of sterility of plate cultures, for 
example, is a problem. Vigorous exhaust is 
needed routinely for operations where the 
risk of infection of the operator is the most 
important consideration. Air flow of at least 
50 linear ft. per minute across the opening 
of the hood is advocated. Variable exhaust 
may be obtained easily by an adjustable open- 
ing (damper) between the exhaust fan and 
the hood. For eliminating infectious material 
from exhausted air, filtration units are per- 
haps most practical ; gas or electric incinera- 
tion may also be used. Information concern- 
ing these devices may be had from the 
Biology Laboratories of the Army Chemical 
Corps, S Division, Camp Dietrick, Frederick, 
Md. 

Obviously, the portions of person and 
clothing which are near to, or protrude 
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through, the opening of the hood are apt to 
become contaminated. Removal of protective 
garments and thorough washing of arms and 
hands are indicated before leaving the in- 
fected areas. 

(b) Uniforms are some protection, but 
since it is not feasible to remove or change 
them frequently during the course of a day, 
it is common to see them being worn, both in 
and outside of contaminated areas. They may 
thus become a means of spreading infection 
instead of a protection against it. Easily re- 
movable gowns should be used and disposed 
of in containers for autoclaving before being 
further handled. Street clothes and shoes 
should not be worn in the laboratory. Sepa- 
rate lockers should be provided for laboratory 
uniforms and shoes. 

(c) Splash-proof container: A can or jar 
which is closed except for a funnel at the top 
is usually employed. One may also use a 2 
liter Erlenmeyer flask containing about 300- 
500 ml. of 5% phenol. 


(d) Discard receptacle: The suggested 
dimensions for receptacles which are used 
to carry contaminated materials to the auto- 
clave are as follows: pipette cans, 18 by 5 by 
3% in.; discard cans for other glassware, 
10 by 9 by 5 in. These receptacles should 
have snugly fitting covers which overhang the 
sides one-half inch or more. 

(e) Ultraviolet irradiation is efficient in 
killing bacteria directly exposed to it. Indi- 
rect ultraviolet is of undetermined value 
against tubercle bacilli. It must be remem- 


Sulfurie Acid Bulletin 


The latest in New Jersey’s series of Occu- 
pational Health Bulletins is on occupational 
health hazards associated with sulfuric acid 
and their prevention. This bulletin, Vol. 4, 
No. 9, is one of a number of such “thumbnail 
sketches” published periodically by the New 
Jersey State Department of Health, Bureau 
of Adult and Occupational Health. 

“From the standpoint of industry, sulfuric 
acid (H2SOx4) is probably the most important 
of all industrial compounds,” states the intro- 
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bered that the efficiency of most ultraviolet 
sources deteriorates with use. The ability 
of the glass to transmit germicidal wave 
lengths diminishes, so that a lamp which still 
seems to be burning brightly may have almost 
completely lost its effectiveness. Thin films 
of grease and dust likewise cut down very 
markedly the transmission of the shorter 
wave lengths. An ultraviolet meter may be 
used to determine when lamps should be 
replaced. 


In addition to the safety measures outlined 
above, another facet of personal safety in- 
volves the cold disinfection of TB-contami- 
nated objects. Considerable debate during 
recent years has centered about the efficacy 
of quarternary ammonium compounds against 
the Mycobacterium tuberculosis bacillus. The 
great economy of using the quarternaries for 
routine disinfectant purposes was believed to 
warrant the rather rare risk of encountering 
tuberculosis contamination in the ordinary 
environment. It is felt, however, that the 
weakness of the quarternary disinfectants 
should be called to the attention of those in 
charge of laboratories as well as of personnel 
actually engaged therein. A false sense of 
security may be, or may have been, engen- 
dered in personnel using these germicides for 
tuberculosis sterilization, because soap and 
water might be just as effective as Phemerol 
or Zephiran (which are also classed as deter- 
gents ). 

U. S. Navy 
Medical News Letter 


duction. “There are very few manufactured 
articles which do not have some part that has 
been treated with or that comes into contact 
with this acid.” 

The bulletin outlines properties, methods 
of manufacture, and uses of sulfuric acid, then 
explains toxicology, sensitivity, methods of 
determination and of control. 

A bibliography on sulfuric acid and its uses 


also is included. 
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THE ENCYCLOPEDIA 
OF INSTRUMENTATION FOR 
INDUSTRIAL HYGIENE 


Instrumentation has become one of the most 
important facets of modern industry and science. 
So many instruments have been devised, de- 
veloped, and manufactured that it became in- 
evitable that an encyclopedia would have to be 
devoted to them. “The Encyclopedia of Instru- 
mentation for Industrial Hygiene” lists, pictures, 
describes, and explains many of the instruments 
applicable to the special field of occupational 
health. 


After nearly three years of planning, re- 
search, writing, and editing, “The Encyclo- 
pedia of Instrumentation for Industrial Hy- 
giene” was published last month by the 
University of Michigan Institute of Industrial 
Health and the School of Public Health and 
the Occupational Health Program of the Pub- 
lic Health Service, U. S. Department of 
Health, Education, and Welfare. 

The Encyclopedia, nearly 1400 pages long, 
was developed from a symposium on instru- 
mentation conceived in 1953 by William D. 
Fredrick, D.Sc., Director, Bureau of Indus- 
trial Hygiene, Detroit Department of Indus- 
trial Health, 
industrial health at the University of Michi- 


and a resident lecturer on 


gan. 

On a trip to West Germany, Dr. Fredrick 
was impressed with the lack of unified infor- 
mation available on instruments for use in 
the industrial hygiene field. He suggested 
that a symposium be organized for presenta- 
tion of existing instrumentation. 


Such a symposium, he believed, would 
bring knowledge up to date on industrial 
hygiene instrumentation. To preserve the 
material assembled for the symposium, a 
permanent record was suggested. That per- 
manent record is the Encyclopedia. 


[69] 


Following a preliminary planning confer- 
ence, eight subcommittees were established 
and given responsibility for arranging for 
speakers and exhibitors in given fields. 

These fields were: Sampling and Analyz- 
ing Air for Contaminants ; Laboratory-Type 
Instruments for Specific Application to In- 
dustrial Hygiene; Instruments Specifically 
Designed for Atmospheric Pollution Evalu- 
ation and Meteorological Measurements ; 
Home-Assembled Instruments ; Instruments 
for Measuring Velocity and Metering of Air ; 
Instruments for Measuring Sound and Vi- 
bration ; Instruments for Measuring Ionizing 
Radiation ; Instruments for Measuring Ultra- 
violet, Visible, and Infrared Energy. 

The same general classification of subject 
matter was followed in the Encyclopedia, 
except that the home-assembled instruments 
have been placed with other instruments to 
which they are related. 

It took almost a year to prepare for the 
symposium which was held at Rackham Hall, 
University of Michigan, from May 24 to 
May 27, 1954. 

Approximately 100 manufacturing con- 
cerns, large and small, took part in the 
symposium. They exhibited their wares under 
a rather unique arrangement. These com- 
panies were instructed not to send their sales- 
men to the symposium but rather io have 
their research directors and technical experts 
on hand to answer questions and at the same 
time listen to suggestions from “consumers.” 

According to the editors of the Encyclo- 
pedia, “They (the manufacturers ) were asked 
to leave their fancy display materials and 
sales ‘gimmicks’ at home and just bring their 
instruments and their brains.” 

In addition, each exhibitor was given an 
allotted period of time at special symposium 
sessions to discuss whatever he wished. Many 
manufacturers elected to present their own 
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technical papers at these sessions. A num- 
ber of these technical papers have been in- 
cluded in the Encyclopedia. 

The form of the symposium set the form of 
the Encyclopedia, with pictures, text, dia- 
grams, and descriptions replacing the sympo- 
sium exhibits presented by the various instru- 
ment makers. Papers which introduced the 
various sections of the symposium were used 
to introduce the corresponding sections of 
the Encyclopedia. 

To supervise the entire Encyclopedia proj- 
ect, an eight-man editorial board was named. 
The members were: Charles D. Yaffe, Chief, 
Program Services, Occupational Health Pro- 
gram, U. S. Public Health Service, Chair- 
man; Dohrman H. Byers, Assistant Chief, 
Toxicological Services, Occupational Health 
Program; Andrew D. Hosey, Chief, Engi- 
neering Services, Occupational Health Pro- 
gram; Warren E. Cook, Research Associate, 
Institute of Industrial Health, University of 
Michigan; Otto Tod Mallery Jr., M.D., Di- 
rector, Institute of Industrial Health, Univer- 
sity of Michigan; Ralph G. Smith, Ph.D., 
Associate Professor of Industrial Medicine 
and Hygiene, Wayne University College of 
Medicine; Dr. Fredrick, and H. E. Miller, 
Director, Continued Education Service, Uni- 
versity of Michigan School of Public Health, 
who also served as managing editor. 

Mr. Yaffe, Mr. Byers, and Mr. Hosey 
were technical editors for the entire Encyclo- 
pedia. An underwriting grant from the Uni- 
versity of Michigan Institute of Industrial 
Health made the publication possible. 

A uniform format was established for pre- 
senting the instruments. This presentation 
included the instrument’s uses, operating prin- 
ciples, physical description, performance data, 
source and cost, instructions for operation, 
for maintenance, and for calibration, and a 
list of references on the instrument. 

The final work lists more than 2000 illus- 
trations, charts, wiring diagrams, calibration 
and other tables for instruments ranging in 
price from a few dollars to well over $20,000. 
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The Encyclopedia is printed in offset, using 
a Times Roman 10-point on an 11-point base 
body type. This gives an added distance 
between lines, making the material easier to 
read. The Encyclopedia is printed by 
Speaker-Hines & Thomas, Inc., of Lansing, 
Mich., and is distributed by the University 
Publications Distribution Service, Ann Ar- 
bor. The price has been set at $22.50. 


Even before publication the problem of 
keeping the Encyclopedia up to date, abreast 
of a host of new developments, had to be 
faced. 

At the 1955 meeting of the Industrial 
Health Conference in Buffalo, N. Y., in April, 
two committees of the American Conference 
of Governmental Industrial Hygienists vol- 
unteered to take over the task of keeping two 
of the sections current. 

The Committee on Air Pollution of the 
ACGIH plans to keep the section on atmos- 
pheric pollution evaluation and meteorologi- 
cal measurements up to date and the Com- 
mittee on Standardization of Air Sampling 
Instruments plans to do the same with the 
section on instruments for measuring air- 
borne contaminants in the workroom. 


In his introduction to the Encyclopedia 
Dr. Fredrick keynotes the meaning and pur- 
pose when he says: “The heart of modern 
industrial hygiene is measurement. The rapid 
and accurate measurement of the affronts of 
the industrial environment paves the way for 
the reduction or elimination of these expo- 
sures to the end that the health of workers 
is conserved. Accurate measurements re- 
quire fine instruments, well calibrated, ap- 
plied by skilled hands, leading to results to 
be appraised by knowing minds. 


“Toward this objective a vast number of 
instruments have been developed and put into 
use. Yet despite obvious and pressing need, 
never has there been assembled in one author- 
itative reference any comprehensive treatise 
on industrial hygiene measurements. This 
volume is presented to fill this need.” 


ANCIENT HISTORY 


Warren H. Reinhart, Chief, Occupational 
Health and Safety Section, Louisiana State 
Department of Health, recently came across 
this 1890 legislation in newspaper files in 
Baton Rouge, La. It may be one of the oldest 
industrial hygiene laws in the country. If 
there are older ones, we would like to know 
about them. 

ACT NO. 123 

To protect the health of operatives and em- 
ployees in manufactories, workshops, lab- 
oratories and other places in which sub- 
stances, materials or compounds are used, 
manufactured, compounded, prepared or 
handled, which are poisonous or detrimen- 
tal to their health, to authorize the Board 
of Health to enact such regulations as will 
more perfectly protect said operatives and 
employees from injury to their health, and 
providing penalties for the violation of such 
rules and regulations when established. 

SECTION 1. Be it enacted by the General 

Assembly of the State of Louisiana, That 
the Board of Health of the State of Louisi- 
ana be and the same is hereby authorized 
to enact from time to time all needful rules 
and regulations for the better protection 
of the health of operatives and employees 
working in manufactories, workshops, lab- 
oratories and other places in which sub- 
stances, materials or compounds, poisonous 
in their nature, or otherwise injurious to 
the health of said operatives or employees 
are used, manufactured, compounded, pre- 
pared or handled. 


SECTION 2. Be it further enacted by the 
General Assembly of the State of Louisi- 
ana, That said rules and regulations, when 
so adopted by the Board of Health, shall be 
observed and complied with by the owners 
and proprietors of said manufactories, 
workshops, laboratories or other places 
described in the first section of this act, as 
well as by all persons, superintendents, 
managers, foremen, lessees or sub-lessees 
in charge of such establishments, within 
twenty days (20) after being served by the 
Board of Health with a copy of said rules 
and regulations and a notice to comply 
therewith. 

SECTION 3. Be it further enacted by the 
General Assembly of the State of Louisi- 
ana, That any person failing to comply with 
the provisions of this act or the rules and 


regulations thereunder, or violating the 
provisions thereof, shall be fined twenty- 


five ($25) dollars, or be imprisoned in the 
parish jail not more than ten days for each 
and every offence. 
S. P. Henry, 
Speaker of the House of Representatives. 
JAMES JEFFRIES, 
Lieutenant Governor and President of the Senate. 
Approved July 10, 1890 
Francis T. NICHOLLS, 
Governor of the State of Louisiana. 
A true copy from the original : 
L. F. Mason, 
Secretary of State. 
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OCCUPATIONAL RABIES 


A Case Report 


An unusual case of rabies, in this instance 
a direct result of occupational exposure, 
claimed the life early this year of George C. 
Menzies, entomologist with the Division of 
Laboratories, State of Texas Department of 
Health. 

For a number of months prior to his death, 
Mr. Menzies and several associates had been 
making a study of wildlife rabies in Texas. 
Dr. Henry A. Holle, Texas Commissioner of 
Health, reported that prior to his death Mr. 
Menzies had been specializing in investigation 
of bat rabies. 

The mode of transmission of the infection 
is unknown, Dr. Holle reported. However, 
he conjectured that Mr. Menzies may have 
contracted the infection by accidental inocu- 
lation of an atopic dermatitis on the back of 
his neck. 

The dermatitis was observed about two 
months before Mr. Menzies began to show 


the symptoms of rabies and had healed only 
a short time prior to his final illness. 

Dr. Holle said that the disease was sus- 
pected from the history and typical clinical 
course. Mr. Menzies had been working with 
infected bats as part of his investigation. 

Postmortem examination of the brain tissue 
failed to reveal Negri bodies. The diagnosis 
of rabies was confirmed by animal inocula- 
tion, and Negri bodies were found in the 
brain tissue of mice so inoculated. 

Mr. Menzies was educated at John Tarle- 
ton Junior College, Stephenville, Texas, and 
received Bachelor and Master of Science de- 
grees in entomology from the Agricultural 
and Mechanical College of Texas in 1939 and 
1941. 


and the economic importance of insects and 


He was interested in both the medical 


was author or co-author of numerous papers. 


Radiation Safety Code Means 
New Work For Industrial Hygienists 


As a result of a new State radiation code 
adopted last fall, the New York Division of 
Industrial Hygiene has announced that labo- 
ratories will be enlarged and new personnel 
will be trained to assume the burdens in- 
volved in protecting the State’s workers 
under the code. 

In meeting its responsibility for enforcing 
the code, which became effective March 15, 
the Division is making plans for training 
scientists in techniques concerned with ana- 
lyzing air, liquids, and solids for the presence 
of ionizing radiation. 
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New York’s Division of Industrial Hy- 
giene has two fully equipped laboratories in 
New York City and in Buffalo, which will 
study the scientific problems associated with 
the new code. 

As part of their work in this field, Division 
scientists took part in a special radiological 
safety conference held at Canisius College. 
The conference was attended by more than 
100 representatives of industry interested in 
learning practical aspects of working safely 
with radiation sources. 


VOLUME FILES 
for 


A.M.A. SPECIALTY JOURNALS 


$1 50 ; Archives of Dermatology 

Archives of Neurology 
a pair and Psychiatry 
as illustrated here 5 
(not suitable for for- ‘ : Archives of Internal Medicine 


ae Archives of Pathology 
Archives of Surgery 
Archives of Ophthalmology 
Archives of Otolaryngology 
American Journal of Diseases 
of Children 
Archives of Industrial Health 


You keep your Specialty Journals, of course, but where? Are they 
filed chronologically, in a convenient place — readily accessible for 
reference? Are they preserved for succeeding years? 


The volume file cases shown above are inexpensive and serviceable. 
More important to you—when used with the indexes published each 
year, they make the Specialty Journals a valuable part of your per- 
manent reference library. The files are sold only in pairs, one for 
each six issues (one volume) of a Specialty Journal. The two cases, 
or one pair, hold the twelve copies for one year. 


Made of heavy fiberboard, cloth-taped at corners for extra strength. 
Covered with fine-quality binders cloth. Open at back and labelled 
on front for ready reference. Labels are supplied free—volume and 
year to be filled in as desired. When ordering specify title of 
Specialty Journal wanted on label. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street Chicago 10, Illinois 


wa 
us 


2 tablets three or four times a day with food or im- 
mediately after meals. Children—1 talet two to tour times @ day. 


Supptiied: Yellow, scored tablets (250 mg.), bottles of 50. 


tu.s. patent renoine 


tLissive: Relief of skeletol muscle sposm without interference with normal function, 


3 
; (Zoxazolamine,t McNeil) 
j 
} ¥ 
: 


Synthesized and characterized by McNeil Laboratories, FLEXIN 
relieves the disability and pain of skeletal muscle spasm—com- 
mon denominator of many musculoskeletal and neurological 
disorders. “Its chief advantages are oral route of administration, 
long duration of action, and minimal side effects.” 


not a mephenesin derivative 


FLEXIN provides outstanding and long-lasting—up to 6 hours— 
spasmolysis of voluntary muscle in low back syndromes, fibro- 
sitis, strains, sprains, and in noninflammatory rheumatic and 
arthritic disorders. In one preliminary report of 100 patients, 
FLEXIN demonstrated “...an 85% over-all effectiveness.” 


Striking results are reported in cerebral palsy. “The administra- 
tion of zoxazolamine (Flexin) in 28 children, each of whom had 
spasticity, produced a decrease of muscular tone on passive 
flexion in every instance.”” 7 


Other studies indicate that FLexin is of value in 9 highly sig- 
nificant number of patients with multiple sclerosis,” as. well as 
in other spinal spasticity states. 

(1) Smith, &. 7.; Kron, K. N.; Peak, W. P., and Hermann, I. F.: JAMA. 160:745 (Mar. 3) 
1956. (2) Amols, W.; J.A.M.A. 160:742 (Mar. 3) 1956. (3) Abrohamsen, E. H., and Baird, 


H. W., tt: 3.A.M.A. 160:749 (Mor. 3) 1956. (4) Rodriguez-Gomez, M.; Valdes-Rodriguez, A., 
ond Drew, A. L.: J.A.M.A. 160:752 (Mor, 3) 1956. 


McNeil Laboratories, Inc Philadelphia 32, Pa, 


McNEILG@ 
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common problems 


in 


healthful living 


THE FIVE ESSENTIALS FOR NUTRITIONAL HEALTH THE COMMUNITY SWIMMING POOL 
by Anna May Wilson by William O. Wetmore 
4 pages, 10 cents 8 pages, 15 cents 
The “Handy Eating Plan” makes it easy for anyone Life guard requirements . . sanita- 
to be sure he’s getting enough of all food elements. tion and purification . . skin diseases 
. chlorine . . filters 
THE WEATHER AND YOUR HEALTH 
by W. A. Sommerfield YOUR STAKE IN MENTAL HEALTH 
12 pages, 15 cents by George S. Stevenson 
Humidity and bacterial growth . . air motion . . 4 pages, 10 cents ; 
pressure . . odors . . cool dry air A general discussion of mental ill- 
ness written to enlighten the public. 


LET'S BANISH RABIES 

by Paul de Kruif 

4 pages, 10 cents 
How contracted . . incubation period . . danger signs 
in dogs . . prevention 


ROADS TO RELAXATION 

by Joseph L. Fetterman 

4 pages, 10 cents 
Tips for “letting loose” . . how to 
avoid getting tied-up in knots 


order now 


I enclose $...... for the number of pamphlets I have indicated below. 
—— THE FIVE ESSENTIALS FOR NUTRITIONAL ——THE COMMUNITY SWIMMING POOL, 15 CENTS 
HEALTH, 10 CENTS 


—. YOUR STAKE IN MENTAL HEALTH, 10 CENTS 
—— THE WEATHER AND YOUR HEALTH, 15 CENTS 


——ROADS TO RELAXATION, 10 CENTS 
——LET'S BANISH RABIES, 10 CENTS 


STREET 


CITY. ZONE... STATE. 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 
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Combat Industrial Dermatitis with 


M-S-A FEND-SILICONE CREAM 


...New formula utilizes advantages of 


silicones to protect against irritants 


The addition of silicones makes this remarkably 
effective bland vanishing cream chemically inert, 
adhesive, and water repellent. It goes on the skin 
smoothly and easily, and it is free from any “feel.” 
The invisible film is tough, durable. It protects 
against soaps, detergents, chemical dusts and pow- 
ders, dilute acids and alkalies. The cream is non-toxic, 
does not interfere with normal skin gland function, 
and is buffered to the average pH of the acid mantle 
of the skin. Available in 3 oz. tubes or | Ib. jars. 
Write for details. 


also M-S-A FEND BARRIER 
PROTECTIVE CREAMS 
AND LOTIONS 


A 
SAFETY EQUIPMENT HEADQUARTERS 
\ 


Neutral and bland. Other types of Fend 


products are available for a wide variety MINE SAFETY APPLIANCES COMPANY 
of irritants. They are easy to apply and 201 North Braddock Avenve, Pittsburgh 8, Pa. 
remove. Available in 3 oz. tubes or | Ib. At Your Service: 82 Branch Offices in the 


jars. Write for details. United States and Canada 


Combine your own clinical 
experience with the 
knowledge of experts... 


by reading 


e@ A.M.A. Archives of 
DERMATOLOGY 


A.M.A. Archives of 
INTERNAL MEDICINE 


@ A.M.A. Archives of 
PATHOLOGY 


Type of Plant Requirement! 


Whether for light, heavy or extra heavy duty, for 
general plant or office use, or to solve specific 
Write To: cleansing problems, our more than 40 years of 
experience in serving industry is at your service. 


Subscription Department Your inquiries will receive prompt and intelligent 
attention! 


American Medical Association 


535 N. Dearborn Street LIGHTFOOT SCHULTZ COMPANY 
Chicago 10, Ill. 380 MADISON AVENUE NEW YORK 17, N. Y. 


Powdered 
Soap 
Liquid EVERY TYPE OF Bar 
Soap SKIN CLEANSER Soap 
—fighttoot 
: manufactures all three from raw 
material to finished product! 
SR. 
: ? G “Yt. A Specialized Soap to Meet Every 


AT LAST! SAFETY-TOE SHOES 
WORKMEN LIKE TO WEAR! 


No. 996 


No. 997 
Medium brown leather. ? a Oiled brown leather, 
Dress type Plain Toe 6 inch boot. 
Oxford. 4 


Water-resisting 
oil-tanned leather. 
11” Engineer's Boot. 


“» 


uaranteed by ~ 
Good Housekeeping 
tor as ee MASON STEEL-TOE SAFETY SHOES have passed tests based on the rigid Ameri- 
can Standards Association specifications for safety shoes, and meet all require- 
ments for compression, impact, and corrosion resistance. They‘re comfortable . . . 
safe . . . good-looking. Don’t cut feet when flexed! See that your employees 
Widths B, C, D, E, EE, EEE wear Mason Steel Toe Shoes. They cost no more! For complete information, mail 
Sizes 6 to 13 coupon below. 


YOU GET ALL THESE BENEFITS 


@ EXTRA SAFE WINGUARD STEEL TOE _ @ AIR-CUSHIONED COMFORT ALL DAY 
Made of high carbon austempered steel to Imagine walking and standing on a 
protect your toes from falling weights. Spe- foamy soft cushion of air all day long! 
cial “winged back” construction removes 7. Built right into these Safety Shoes are 
danger of cramping toes. Patented “Mask- ~ = special Velvet-eez Air Cushioned Inner- 
edge” last makes these shoes feel and look soles. 


like smart dress shoes! @ UPPERS STITCHED WITH NYLON 


f DuPont Nylon thread gives long wear. Resists mildew, 
@ Oll RESISTING NEOPRENE SOLES, HEELS 4 alkali, perspiration. Inside, “Pacifate” lining is treated to 
prevent rot caused by perspiration, inhibits bacteria. 
Made of Blizzard Retan leather. Mason Safety Shoes 
last and last! 


Extra thick, 18 iron black Neoprene soles 

and heels resist oils and chemicals . . . are 

waterproof, heat resistant, and are unexcelled 

for wear. These shoes also have Dryseal 

Waterproof Welt and Dirt Excluding Bellows @ VINYL COATED STEEL SHOES 

Gussets. Tough, flexible, non-toxic coating of vinyl enamel protects 

Steel Toes against perspiration, abrasion and rusting. 

@ CUSHIONED LONGITUDINAL SUPPORT 
AND METATARSAL SUPPORT 

These features are built in each 

shoe for your extra, all day long 

comfort. Thick steel “under the arch” 

shanks give you extra support. 


MASON SHOE MFG. CO., Dept. 173 
Chippewa Falls, Wisconsin. 


I'd like to know more about the famous Mason Safety Shoe features. 
No obligation, of course. 


Name 


MASON snoemrc.co. 


Address 
SINCE 1904... CHIPPEWA FALLS, WISCONSIN 


Town 


SY 
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; = .Zone.... State. . 


